Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



PHILIPP REIS: 



INVENTOR OP 



THE TELEPHONE. 



A BIOGRAPHICAL SKETCH, 

WITH DOCUMENTART TESTIMONy, TRANSLATIONS OP THE 

ORIGINAL PAPEK3 OF THE INVENTOR AND 

COSTEMPORABr PUBLICATIONS, 



SILT ANUS p. ;rHOMPSON, B.A., D.Sc, 

I COLLBOB, BBI91« 




LONDON: 

E 4 r. N. SPON, 16, CHARING CROSS. 

NEW YORK: 35, MURHAT STREET. 

1883. 



RfTr 



4 



P E E F A C E. 



The title of this little work sufficiently indicates its nature 
and scope. The labour of preparing it has not been slight, 
and has involved the expenditure of much time in prose- 
cuting inquiries both in this country and in Germany 
amongst the surviving contemporaries of Philipp Reis. To 
set forth the history of this long-neglected inventor and of 
his instrument, and to establish upon its own merits, without 
special pleading, and without partiality, the nature of that 
much-misunderstood and much-abused invention, has been 
the aim of the writer. The thought that he might thus be of 
service in rendering justice to the memory of the departed 
worthy has inspired him to his task. He has nothing to 
gain by making Reis's invention appear either better or 
worse than it really was. He has therefore preferred to let 
the contemporary documents and the testimony of eye- 
witnesses speak for themselves, and has added that which 
seemed to him desirable in the way of argument in the form 
of four appendices. 

The author's acknowledgments are due in an especial 
manner to Mr. Albert Stetson, A.M., of Cohasset, Massa- 
chusetts, who has given him much valuable assistance in the 
collection of information both in Germany and in this 
country, and who has also assisted in the translation of some 



of the contemporary documents to bo found in the work. 
To the friends, acquaintances, and pupils of Philipp Reis, 
and eapecially to the surviving members of the family at 
Friedrichsdorf, who have most kindly furnished many de- 
tails of information, the autlior would express his moat 
cordial thanks. The testimony now adduced as to the aim 
of Philipp Eeia's invention, and the measure of success which 
he liimself attained, is such, in the author's opinion, and in 
the opinion, he trusts, of all riyht- thinking persons, to place 
beyond cavil the rightfulness of the claim which Itcis him- 
self put forward of being the inventor of the Telephone. 
Full and sufficient as that testimony is, much more remains 
as yet unpublished. The author has, for example, been 
permitted to examine a mass of evidence collected by the 
Dolbear Telephone Company, which entirely corroborates 
that wluch is here presented. It is, however, for certain 
reasons beyond the author's control, deemed well at the 
present moment to withhold this testimony for a little whUe 
from publication. The appearance of this volume at the 
present time needs no apology from the author. He is 
conscious that all he can do will add little or nothing to 
the lustre with which the name of Philipp Reis will be 
handed down to posterity. When the Jubilee of Philipp 
Keis comes to be celebrated in 1884 (January 7th), the 
world will find out its indebtedness to the great man whose 
thoughts survive him. 




CONTENTS. 

PAQK 

Pbefaoe . . . V 

List of Illustrations viii 

CHAP. 

I. BlOGBAFHT OF THE InVENTOB 1 

II. The Invektob's Apparatdb 14 

(a) Transmitters. 
(h) Receivers. 

III. The Claim of the Inventor 35 

IV. Contemporary Documents 50 

V. Testimony of Contempobaby Witnesses .... 112 

APPBXDIX 

I. COMPABISON OF ReIs's TbANSMITTERS WITH RECENT InSTBU- 

MENT8 131 

11. On the Vabiation of Electbic Resistance at a Point of 

Impebfect Contact in a Cibouit .... 143 

III. Comparison op Reis's Receivers with Recent Instbuments 154 

IV. On the Doctbine of Undulatoby Cubbents . . . 165 
Schedulb of Authobities and References .... 180 
Additional Refebences concebnu^g Reis's Telephone . . 182 



LIST OF ILLUSTRATIONS. 



FIG. 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

23. 
24. 



25. 



Mc(lalIion-ix)rtrait of the Inventor (from the Medallion 
by Rumpf in 1878), and Autograph. 

Vignette. Tomb of Philipp Reis, at Friedrichadorf 

Firet Transmitter (the Wooden Ear)— back view 

front ,, 



» 



» 



»» 



>» 



if 



»» 



M 



»> 



»» 



»» 



» 



» 



»» 



side 
section „ 
details 



Second Transmitter (Tin Tube) 
Third Transmitter (Collar-box) . 
Fourth Transmitter (Bored Block) 



»> 



>» 



section 



Sixth Transmitter (Wooden Cone) 

Rcis*8 Photograph of himself, holding his Telephone (Seventh 
Form) in his Hand .... 

Seventh Transmitter (" Hochstift " Form) 

Eighth Transmitter (Lever Form) 

Ninth Transmitter (Transitional Form) 

„ „ „ „ section 

Tenth Transmitter (Square Box) 

„ „ „ ojwnwl 

First Receiver (Violin Form) 
Second Receiver (Cigar-box) 
Thin! Receiver (Electromagnet) . 
Fourtli Receiver (Knitting-needle) 



>» 



>» 



It 



PAGE 

executed 
Frontispiece 

13 
16 
16 
16 
16 
17 
19 
19 
20 
21 
22 



Curve of Condensation and Rarefaction in Sound-wave 

Telephone; (" Bored Block ") shown to Physical Society of 
Fmnkfort-on-thc-Main ....... 



23 
24 
25 
26 
26 
27 
27 
29 
30 
32 
33 
33 
53 

55 



LIST OF ILLU8TBATI0NS. 



IX 



■ FIO. 

26. Sound Curves 

27. „ ....... 

28. Facsimile sketch from Reis's Letter to Mr. Ladd 

29. Tbe Telephone (from Beis's Prospectus) 

30. „ „ (from Muller-Pouillet's Physics) 

31. Details of Transmitter ( „ »> ) 

32. Receiver ( », » ) 

33. The Telephone (from Pisko*s Acoustics) 

34. „ ^ (from Euhn's Handbook) 

35. Gone used in Transmitter . 

36. Metal Tympanum .... 

37. Second Receiver (Cigar-box) 

38. Receiver with Lid .... 

39. Projected form of Receiver with Electromagnet 

41. Sketch of Experimental Transmitter 

42. Teates* Receiver for Reis's Telephone 

43. Berliner's Transmitter 

44. Blake's Transmitter . 

45. Comparative Series of Transmitters 

46. Comparative Series of Receivers . 

47. Curves from Reis's Memoir " On Telephony " 

48. Curves from Bell's Specification (U.S. .Patent) 

TLATS 

I. Curves from Von Legat's Report on Reis's Telephone. 
11. Reis's Telephone, from Von Legat's Report. 



»> 



PAOB 

58 

59 

83 

86 

97 

97 

97 

100 

109 

117 

117 

118 

118 

119 

119 

122 

128 

136 

137 

139 

157 

173 

173 



PHILIPP EEIS. 



BIOGRAPHY OF THE INVENTOR. 

[Compiled chieflj from papers left by the deceased, and from the Uo- 
grephical notice of the late ProfessoT Schenk.] 

PHlLtPP Reis, or, as his full name appears from his auto- 
biographical BketiCh to have been, Johano Fhilipp Beis, was 
bom on the 7th of January, 1834, at Gelnhausen, in the 
principality of Cassel. His father, who belonged to the 
Evangelical Church, was a master baker, but also pursued 
farming to some extent, as the circum stances of small 
provincial towns generally require. As his mother had died 
young, his paternal grandmother undertook the bringing up 
of the boy. " While my father," writes Herr Eeis, " strove 
constantly to cultivate my mental powers by instruction 
concerning the things which surrounded me (by discussing 
that which was actually observed), my grandmother turned 
her activity to training my disposition and to the develop- 
ment of the rel^ous sentiments to which she was eminently 
fitted by the experience of a long life, by being well-read, 
and especially by her gift of narration." 

On attaining his sixth year the boy was sent to the 
common school of his native town. His teachers soon re- 
ct^ised that he possessed no ordinary endowments, and 
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Bought to induce his father to entrust him later to ft high) 
institution of learning. His father agreed to this ; and t 
plan was to have been carried out after the hoy had passed"''" 
the middle-class of the common school, How the father 
contemplated the carrying out of the plan is not known; 
he died ere the son had yet completed his tenth year. 

As a considerable number of children from Frankfort 
on-the-Main and its neighbourhood, attended that 
Gamier'a Institute at Friedrichsdorf, near Homburg, 
idea occurred to his guardian and his grandmother tol 
entrust the boy to this school. He entered there when in 
his eleventh year. " The foreign languages, English and 
French, taught in the Institute, attracted me specially. The 
library of the Institute, rich and weU chosen for ita size, gave 
my mind excellent nourishment." At the end of his four- 
teenth year he had passed through the school, organised aa . 
it then was, and he now went to Hassel's Institute at 
Frankfort-on-the-Main. His delight in the study of language 
induced him to learn Latin and Italian. And here, also, 
the taste for the study of natural sciences and mathematics 
appears to liavebeen awakened in him. The lively zeal with 
which he applied himself to both these disciplines induced 
his teachers to advise his guardian that he should allow tlie 
boy to attend the Polytechnic School at Carlsniho, on 
finishing his course at the Institute. " All the endeavoiu 
of my weU-wiahing teachers shattered themselves, liowevei 
against the will of one of my guardians, who was also my 
uncle. He wished that I should follow mercantile pui'smts. 
... I wrote him at that time that I should, indeed, be 
obedient and learn the pursuit prescribed for me, but that I 
should in any case continue my studies later." 

On the 1st of March, 1850, i'hilipp Reis entered the colour 
establishment of Mr. J. F. Beyerbach, of Frankfort, as t 
apprentice. By diligence and punctuality he soon won t 
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esteem of his principal. All his leisnre time he bestowed 
upon his further education. He took private lessoHS in 
mathematics and physics, and attended the lectures of 
Professor K. Bottger, on Mechanics, (it the Trade School. 
And so the end of Mb apprenticeship arrived. At the 
conclusion of it he entered the Institute of Dr. Poppe, in 
Frankfort. " Several of my comrades in this establishment. 
young people of sixteen to twenty years old, found it, aa I 
did, a defect that no natural history, history, or geography, 
was taught. We determined, therefore, to instruct one 
another in these subjects. I undertook geography, and 
formed from this first occasion of acting as teacher the con- 
viction that this was my vocation. Dr. Poppe confirmed me 
in this riew and aided me by word and deed." 

In the year 1851, whilst resident in Frankfort, Reis had 
become a member of the Physical Society of that city. This 
Society, which still Souriahea, then held, and still continues 
to hold, its meetings in the Senckenburg Museum, Lectures 
in Chemistry and Physics are delivered by resident professors 
in regular courses every week throughout the winter, under 
the auspices of this Society ; and every Saturday evening is 
devoted to the exposition of recent discoveiies or inventions 
in the world of physical science, astronomy, etc. The most 
active members of this Society during the time of Reis's 
connection with it were the late Professor Bottger, Professor 
Abbe (now of Jena), and Dr. Oppel, all of whom contributed 
many valuable original memoirs to the Jakresbmchte, or 
Annual Reports, published by the Society. Amongst ita 
corresponding and honorary members it counted tlie names 
of all the best scientific men of Germany, and also the names 
of Professor Faraday, Professor Sturgeon, and Sir Charles 
Wheatstone. Doubtless the discussion of scientific questions 
at this Society greatly influenced young Reis. He remained 
for three years a member, but dropped his connexion for a 




time on leaving Frankfort He subsequently rejoined the 
Society in the session of 1860-61, remaining a member until 
1867, when he finally resigned. 

In the winter of 1854r-5 we find him most zealously busied 
with preparations for carrying out his decision to become a 
teacher. In 1855, he went through his year of military 
service at Cassel. Returning to Frankfort, he worked away 
with hia customary and marvellous energy, attended lectures 
on mathematics and tlie sciences, worked in the laboratory, 
and studied books on Pedagogy. " Tliua prepared, I set my 
mind on going to Heidelberg in order to put the finishing 
touch to my education as teacher. I wanted to settle down 
in Frankfort in tliis capacity, and undertake instruction in 
mathematics and science in the various schools. Then in 
the spring of 1858, I visited my former master, Holrath 
Gamier, in whom I had ever found a fatherly friend. When 
I disclosed to him my intentions and prospects, he offered me 
a post in his Institute. Partly gratitude and attachment, 
and partly the ardent desire to make myself right quickly 
usefid, induced me to accept the proffered post." 

In the autumn of the year 1858 he returned to Friedrichs- 
dorf, and in September 1859 he married and founded his 
peaceful home. 

Until Easter, 1859, he had but few lessons to give; that 
he utilised every moment of hia spare time most conscien- 
tiously in earnest activity and sound progress is nothing 
more than was to be expected from what has been said 
above. 

It was during this time that Eeis undertook the first ex- 
perimental researches of an original nature. Working almost 
alone, and without any scientific guide, he was led into linca 
of thought not previously trodden. He had conceiveii an 
idea that electrical forces could be propagated across space, 
without any material conductor in the same way as light isi 
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propagated. He made many experiments on the subject, 
the precise nature of which can never now be known, but in 
wliich a large concave mirror was employed in conjunction 
with an electroscope and a source of electrification. The 
results which he obtained he embodied in a paper, of which 
no trace now remains, bearing as its title ' On the Radiation 
of Electricity.' This paper he sent in 1859 to I'rofeasor 
Poggendorff for insertion in Poj^eodorffs well-known 
' Annalen der Physik.' Greatly to his disappointment the 
memoir was not accepted by Professor Poggendorff. Its 
rejection was a great blow to the sensitive and highly strong 
temperament of the young teacher ; ami as will be seen was 
not without its consequences. 

The other piece of original work undertaken at this time 
was the research which resulted in Iiis great invention — the 
Teleplione. Pi-om the brief biographical notes written by 
the lamented inventor in 1868 we extract the following; — 

" Incited thereto by my lessons in Physios in the year 
18fi0, I attacked a work begun much earlier concerning the 
organs of hearing, and soon had the joy to see my pains 
rewarded with success, since I succeeded in inventing an 
apparatus, by which it is possible to make clear and evident 
the functions of the organs of hearing, but with wliich also 
one can reproduce tones of all kinds at any desired distance 
by means of the galvanic current. I named the instrument 
' Telephon.' The recognition of me on so many sides, which 
has taken place in consequence of this invention, especially 
at the Naturalists' Association (Versammlung Deutscher 
Natnrforscher) at Giessen, has continually helped to quicken 
my ardour for study, that I may show myself worthy of the 
luck that has befallen me." 

His earliest telephones were made by his own hands, io a 
little workshop behind his honse, whence he laid on wires 
into an upjrer room. He also carried a wire from the physical 



cabinet of Gander's Inatitute acrosa tlie playground into one 
of the class-rooms for experimental telephonic communica- 
tion ; and a. firmly established tradition of the school is still 
preserved, that the boys were afraid of making a noise in 
that class-room for fear Herr ReJs should hear them in hia 
place amongst his favourite instrmnenta. 

In 1862 Eeis sent once again to Professor Pt^gondorff a 
memoir, this time on the Telephone, This, in s;jite of the 
advocacy of Professor Bottger and of Professor MuUer of 
Freiburg, both of whom wrote, was declined by Professor 
Po^endorff, who treated the transmission of speech by 
electricity as a myth. Keis, who was convinced that the 
rejection was because he was " only a poor schoolmaster," 
was niore deeply pained tlian ever, 

-Of the various public exhibitions of the Telephone given 
by Eeis in the years 1861 to 1864, much will be found in 
the latter part of this book in which the contemporary 
notices are reprinted. The first public lecture was in 1861, 
before the Physical Society of Frankfort (see p. 50), the 
last tlie above-mentioned occasion at Giessen (see p. 93) in 
1864. By tliis time Reis's invention was becoming widely 
known. In addition to his own lectures on the subject, the 
Telephone had been the subject of lectures in various parte 
of Germany. It was lectured upon by Professor Buff in 
Geisaen twice, by Professor Bdttger both in Frankfoit and 
in Stettin; by Professor. H. Pick, by Professor Osami of 
Wurtzbuig, by Professor Paul Reia of Mainz, and by others. 
In 1863 Eeis'a Telephone was eljowu by Dr. Otto Volger, 
Founder and President of the Free German Institute (Freiee 
Deutschea Hochstil't), to the Empemr of Austria and to King 
Max of Bavaria, tlien on a visit to Frankfort. 

Telephones were being sent to various parts of the world. 
They were to be found in the Physical Laboratories of Munich, 
Erlangen, Wiesbaden, Vienna, and Cologne. They were 
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eent to distant ports of the world, to London," to Dublin, to 

Tiflia in the Caucasus. In Manchester, before the Literary 
and Philosophical Society, Eeis'a Telephone was shown in 
18155 by Professor Clifton, who, however, from not having 
Keis's own original memoirs on the subject before him, 
utterly mistook — if the Journal of Proceedings be not in error 
—the nature of the instrument, and not knowing the theory 
of vibration of the tympanum so beautifully demonstrated 
by Reis, imagined the instrument to be a mere barmonic 
telegraph for transmitting code signals in fixed musical 
tones ! Telephones, too, were becoming an article of commerce 
and. good and bad,t were being bought for the purpose of 
placing them in collections of scientific apparatus. The 
invention was, however, too soon for the world. To Eeia'a 
great disappointment, the Physical Society of Fmnkfort took 
no further notice of the invention, the lustre of which shone 
upon them. He resigned liis membership in the Society in 
October 1867. The Free German Institute of Frankfort, to 
which Eeis had next betaken himself, though electing him 
to the dignity of honorary membership, left the invention 
aside as a philosophic toy. The Naturalists' Assembly, 
including all Uie leading scientific men of Germany, had 
indeed welcomed him at Giesaen ; but too late. The seusitiva 
temperament bad met with too many rebuffs, and the fatal 
disease with which he was already stricken told upon his 
energies. In particular the rejection of his earlier researches 
had preyed upon his disposition. It is narrated by eye- 
witnesses still living, how, after his successful lecture on the 

" An autograph letter of PLilipp Reia t<j Mr. W. Ladd, the well-known 
inatniinent maker of Beak Street, London, deBcribiog his telcphoce, is 
etiU preserved, acid ia now in potsseaaloQ of the Society of Telegraph 
EDgineuis acd EleotricianB of London. It ia reproduced at p^ SI. 

t As to the difference in quality of the instruments, see the tcetimony 
of the maker, Albert of Frankfort, on p. 44. Prof. Piako (eee p. 101) aecms 
tfl have had a peculiarly imperfect instrument. 



Telephone at Giessen, Reis was asked by Professor Pt^gen- 
dorff, who waa present, to write an account of his instrument 
for insertion in the ' Annalen,' to which request Keis'a reply 
wae: " Ich dankc Ihnen rcthi sehr, Herr Professor; es ist zit\ 
apat. Jetzt leiil ich nicht ikn sckickcn. Mdn Apparat wird 
oAm Besehreibung in. den Anntden bekannt warden.' 

HEemorrhage of the lungs and a loss of voice, which 
eventually became almost total, intervened to incapacitate 
hira for work, and especially from working with the telephone. 
In 1873 he disposed of all hia inatnunents and tools to 
Gamier's Institute. To Herr Gamier he made the remark , 
that he had showed the world the way to a great invention, 
which must now be left to others to develop. At last the , 
end came. The annual Report of Gamier's Inatitute for the ' 
academic year 1873-1874 contains the following brief notice 
of the decease and labours of PMlipp Reis : — 

" At first active in divers subjects of instruction, he soon 
concentrated his whole faculties upon instruction in Natural 
Science, the subject in whicli his entire thought and work lay. 
Witnesses of this are not only all they who learned to know 
him in Frankfort, in the period when he waa preparing for 
his vocation as teacher, but also his colleagues at the Institute, 
his nmnerouB pupils, and the members of the Naturalista" 
Association (Naturforscher Versammlung) at Giessen, who, 
recognising his keen insight, his perseverance and his ridi 
gifts, encouraged him to further investigations in his newly 
propounded theories. To the Association at Giessen he- 
brought his Telephone. To the Association at Wiesbaden,- 
in September 1872, he intended to exhibit a new ingeniously 
constructed gravity-machine, but his state of health made it 
impossible. This had become such during several years, that 
he was enabled to discharge the duties of his post only by 
self-control of a special, and, as is generally admitted, 
unusual natiure; and the practice of his vocation became 
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more difficult when hia voice also failed. In tlie aummer of 
1873 he was obliged, during several weeks, to lay aside his 
teaching. As by this rest and that of the autumn vacation 
an improvement in his condition occurred, he acquired new 
hopes of recovery, and resumed his teaching ia October with 
his customary energy. But it was only the last flickering 
up of the expiring lamp of life. Pulmonary consumption, 
from which he had long suffered, laid him in December upon 
the sickbed, from which after long and deep pains, at five 
o'clock in the afternoon, on the 14th of January, IST-t, he 
was released by death." 

The closing words of his autobiographical notes, or " curri- 
eul-um vitfc," as he himself styled them, were the fol- 
lowing : — 

"Aa I look back upon my life I can indeed say with the 
Holy Scriptures that it has been ' labour and sorrow." But I 
have also to thank the Lord that He has given me His 
blessing in my calling and in my family, and has bestowed 
more good iipon me than I have known how to ask of Him. 
Tlie Lord has helped hitherto ; He will help yet further." 

In 1877, when the Magneto-Telephones of Graham Bell 
began to make their way into Europe, the friends of Philipp 
Reia were not slow to reclaim for their deceased comrade the 
honours due to him. In December 1877, as the columns 
of the Neiie Frankfurter Presse show, a lectu^ was given 
upon the history of the Telephone, at the Free German 
Institute, in Frankfort, by Dr. Volger, its President, the same 
who in 18153 had shown the Telephone to the Emperor of 
Austria. On that occasion the Telephone of Eeis's own 
construction, presented by liim to the Institute after his 
exhibition of it ia 1862, was shown. 

Early in 1878 a subscription was raised by members of the 
Physical Society of Frankfort for the purpose of erecting a 
monument to the memory of their former colleague. This 
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monument, bearing a portrait medallion, executed by the 
sculptor, Carl Rumpf, was duly inaugurated on Sunday, 
December 8, 1878, when an appropriate address wtis pro- 
nounced by tlie late Br. Fleck, of Frankfort. The ' Jahrea- 
bericht,' of the Physical Society for 1877-78 (p. 44), contains 
the following brief record : — 

" The Society has erected to tho memory of its former 
member, the inventor of the Telephone, Philipp Reia 
{deceased in 1874), teacher, of Friedricbsdorf (see ' Jalires- 
bericht," 1860-61, pp. 57-64; and 1861-62, p. 13), in the 
cemetery of that place, a monument which was inaugurated 
on the 8th of December, 1878. This monument, an obelisk 
of red sandstone, bears in addition to the dedication, a well- 
executed medallion portrait of Pliilipp Beis, modelled by the 
sculptor, A. C. Rumpf, and executed galvanoplastically by 
G. V. Kress." 

The inscription on Reis'a monument in the rriedrichsdorf 
Cemetery is : — 
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Pkincipai Dates in Eeis's Life. 



1834 January 7 . 
1850 March 1 . . 
1855 

1858 

1859 September 14. 

18C0 

1861 October 26 . 



1861 December 

1862 May 8 . . 
„ May 11 . . 



Philipp Keis bora. 

Apprenticed to Beyerbacb. 

Year of Military Service at Caasel. 

Settled in Friedricbsdorf. 

Married. 

Invented the Telephone. 

Head Paper " On Telephony by the 
Galvanic Current " l)efore the Phy- 
sical Society of PrEintfort-on-the- 
Main. 

llead Paper to the Physical Society 
of Prankfort-on-the-Main, entitled 
" Explanation of a new Theory 
concerning the Perception of Chords 
and of Timbre as a Continuation 
and Supplement of the Beport on 
the Telephone." 

Wrote out his Paper " On Tele- 
phony," as printed in the ' Jahres- 
bench t.' 

Notice in 'Didaakalia' of Eeifl's 
invention. 

Lectuied and showed the Telephone 
to the Free Cierman Institute 
(Freies Deutsches Hochstift) in 
Frankfort-on-th e- JIain, 

Article on the Telephone, commuui- 
catfid by Inspector Von Legat to the 
Auatro-German Telegraph Society, 
and subsequently printed in its 
• ZeitBcbrift ' (Journal). 
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1863 July 4 . . Showed his improved Telephone to 

the Physical Society of Frank- 
fort-on-the-Main. 

„ September 6 . Reis's Telephone shown to the Em- 
peror of Austria and the King of 
Bavaria, then visiting Frankfort. 

„ Sept. 17-24 . Meeting of the "Deutscher Natur- 

forscher " at Stettin ; Eeis's Tele- 
phone shown there by Professor 
Bottger. 

1864 February 13 . Meeting of the " Oberhessische Ge- 

sellschaft fur Natur- und Heil- 
kunde" at Giessen; Lecture by 
Professor Buff, and exhibition by 
Eeis of his Telephone. 
„ September 21 Meeting of the "Deutscher Natur- 

forscher" at Giessen. Eeis gave 
an explanation of the Telephone 
and the history of its invention, 
and exhibited it in action before 
the most distinguished scientific 
men of Germany. 

1872 September . Meeting of the "Deutscher Natur- 

forscher" at Wiesbaden ; Eeis 
announced to show his "Fall- 
maschine," but prevented by ill- 
health. 

1874 January 14 . Philipp Eeis died. 
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CHAPTER II. 



THE INVENTORS APPARATUS. 

In describing the various forms successively given by the 
inventor to liia apparatus, as he progressed, from the earliest 
to the latest, it will be convenient to divide them into two 
groups, viz. the Transmitters and the Keceivera. 

k A. — Seis's Transmiiters. 

■ So far as can be learned, Keis constructed transmitters in 
some ten or twelve different forms. The complete series in 
this course of evolution does not now exist, but the principal 
forms still remain and will be described in their historical 
order. Theoretically, the last was no more perfect than the 
first, and they all embody the same fundamental idea : they 
only differ in the mechanical means of carrying out to a 
greater or less degree of perfection the one common principle 
of imitating the mechanism of the human ear, and applying 
that mechanism to affect or control a current of electricity by 
varying the d^ree of contact at a loose joint in the circuit. 

First Form. — Tue Model Ear, 
Naturally euoagh the inventor of the Telephone began 

■ with crude and primitive * apparatus. The earliest form of 
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telephone-transmitter now extant, was a rough model of the 
hnman ear carved in oak wood, and of the natural size, as 
shown in Figs. 2, 3, 4, & 5. 

The end of the aperture a was closed by a thin membrane 
b, in imitation of the human tympanum. Against the centre 
of the tympanum rested tho lower end of a little curved 
lever c d, of platinum wire, which represented the " hammer " 
hone of the human ear. This curved lever was attached to 
the membrane by a minute drop of sealing-wax, bo that it 
followed every motion of the same. It was pivoted near its 
centre by being soldered to a short cross-wire which served 
as an axis ; this axis passing on either side through a hole 
in a bent strip of tin-plate screwed to the back of the wooden 
ear. The upper end of the curved lever rested in loose 
contact i^ainat the upper end j of a vertical spring, about one 
inch long, also of tin-plate, bearing at its summit a slender 
and resilient strip of platinum foil. An adjusting-screw. A, 
served to regulate the degree of contact between the vertical 
spring and the curved lever. The conducting-wires by wliich 
the current of electricity entered and left the apparatus were 
connected to the screws by which the two strips of tiu-plate 



followiDg very interestlDg atAteiueiit: "The original tclepbouo waa of a 
moBt primilive nature. The transinitting instrument was a buiig of a 
heer-harrel hollowed out, and a cone formed in this way was cloned with 
the skin ot a Gorman sattsagc, wliich did service aa a membrane. To tliia 
was fixed with a drop of eenling-wax a little etrip of platinum correspond- 
ing to tbo hammer of the ear, and which closed or opened tbe electrio 
circuit, precisely as in the instrumenls of a later date. The receiving 
instrument was a knitting needle surrounded with a coil of wire and placed 
on a viulin to serve as a sounding board. It astonished ever]' one f[uib) 
as much as the more perfect instruments of Belt now do. The instrument 
I have described has now passed inio the hands of the Telegraph Depart- 
ment of the German Gavemment." [The instrument now in the moseum 
of the Reichs Posi-Amt in Berlin is not this, but is the first of the " Im- 
proveii" Telephones described later by Reis in his "Prospectus" (see 
p. 85), and is slami>ed " Philipp Reis," " 18G3," " No, 1."] S.P.T. 
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were fixed to the ear. In order to make aure that the current 
from thfl upper support of tin should roach the curved lever. 
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another strip of platinum foil waa soldered on the aide of Uie 
former, and reated lightly against the end of the wire-asis, as 
ahown in magnified detail in Fig, G, If now any wonla or 




Fig. 6. 

sounds of any kind were uttered in front of the ear the 
membrane was thereby set into viUrations, as in the human 
ear. The little curved lever took up these motions precisely 
as the " hammer "-bone of the human ear does ; and, like the 
" hammer "-1x1 ne, transferred them to that with which it was 
in contact. The result was that the contact of the npper end 
of the lever was caused to vary. With every rarefaction of 
the air the membrane moved forward and the upper end of 
the little lever moved backward and pressed more firmly 
than before against the spring, making better contact and 
allowing a stronger current to flow. At every condensation 
of the air the membrane moved backwards and the upper end 
of the lever moved forward so as to press less strongly than 
before against the spring, thereby making a less complete 
contact than before, and by thus partially interrupting the 
passage of the current, caused the current to flow less freely. 
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The Bound waves which entered the ear would in this £ashion 
throw Uie electric current, which flowed through the point of 
variable contact, into undulations in strength. It will be 
seen that this principle of causing the voice to control the 
strength of the electric current by causing it to operate upon 
a loose or imfxjrfect c^jntact, runs throughout the whole of 
Keis's telephonic transmitters. In later times such pieces of 
meclianism for varying the strength of an electric current 
liave \Hiim tennwl current-regulators.* It would not be 
inappropriate to descrilxj the mechanism which Eeis thus 
invcnte^l as a cr)mbination of a tympanum with an electric 
current-regulator, the essential principle of the electric 
current-regulator being tlie employment of a loose or im- 
I>erfect contact between two parts of the conducting system, 
so arranged that the vibrations of the tympanum would alter 
the degree of contact and thereby interrupt in a correspond- 
ing degree the passage of tlic current. 

Mr. Ilorkheimer, a former pupil of Ileis, informs me that 
a mucli larger model of the car was also constiiieted by 
Ueis. No trace of this is, however, known. 

Scamd Form. — Tin Tube. 

The second form, a tube constructed by Reis himself, of 
tin, is still to be seen in the Physical cabinet of Garnier's 
Institute, at Friedrichsdorf, and is shown in Fig. 7. It 
consists of an auditory tube Hy with an embouchure represent- 
ing the i)inna or ilaj) of tlie ear. This second apparatus 
allows also a great similarity with the arrangement of the 
ear, having the i)inna or ear-flap, the auditory passage, and 
the drum-skin {it, h, c). Upon the bladder c there still 
nnuains some sealing-wax, by means of which a little strip 



• Or somotimea ** tcnsion-rogiilators," though the latter term is acknow- 
hxlged by most com|)otont clectriciaos to bo indcscriptivc and open to 
objection. 
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of platiimm, for the aU-eaaeiitinl loose-contact that controlled 
Ihe current, had formerly been cemented to the apparatus. 




Tliird Fmtn. — TiiB CoLLAR-BOX. 

The third form, also preserved in the collection in Gamier's 
Institute, is given in Fig. 8, which, with the p-eceding, is 
taken by permission from the pamphlet of the late Professor 
Schenk, consists of a round tin box, the upper part of wliich 
fits upon the lower precisely like the lid of a coUar-hox. 
Over this lid b, which is 1.5 centimetres in diameter, was 




formerly stretched the vibrating membrane, there being also 
an inner flange of metal. Into a circular aiiertnre below 
opened an auditory tube a, with an embouchure representing 
the pinna. The precise arrangements of the contact-pajta of 
this apparatus are not known. Mr. Horkheiraer, who aided 
lieis in his earlier experiments, has no knowledge of this 
form, which he thinks was made later than June ISCli. 
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TMb is not improbable, as the design witli liorizontal men 
brane more nearly approaches that of the tenth form, I 
" Square-box " pattern. 



Fomih Form. — The Boked-Block. 
The instmraent described by Reia in his paper " Oill 
Telephony," in the Annual Report of the Physical Society of 
Frankfort-on-the-Miiiu, for 1860-61 {see p. 60), comes next 
in order. The inventor's own description of this telephone 
(Fig. 9) is as follows :— 



r Q X 



Kg. ft 

" In a cube of wood, r siuv w x, there is a conical hole a, 
closed at one aide by the membrane h (made of the lesser 
intestine of the pig), upon the middle of which a little strip 
of platinum is cemented as a conductor [or electrode]. This 
is united with the binding screw p. From the bindino 
screw n there passes likcwiae a Uiin strip of metal over the 
middle of the membrane, and terminates here in a little 
platinum wire, which etanda at right-angles to the length 
and breadth of the strip. From the binding-screw j» a 
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conducting wire leads thnragh tlie battery to a distant 
station." The identical apparatus uaed by Eeis was after- 
wards given by hira to Professor Bottger, who later gave it 
to Hofrath Dr. Tb. Stein, of Frankfort, from whose hands it 
has recently passed into the possession of the author of this 
work. It possesses one feature not shown in the original 
cut, viz. an adjusting screw, h, whicli, so far as the writer can 
learn, waa put there by lieia hiniselt There appears no 
reason to doubt thi'^, since there waa an adjusting screw in 
Reis's very earliest form of transmitter, the wooden ear. A 
eoction of the actual instruiflent is given in Fig 10 




Fifth Foiin. — The Hollow Cube, 
Another form, a mere variety of the preceding, is described 
as follows by Professor Bottger in his " Polytechnischea 
Notizblatt" (see p. 61) :— 

" A little light box, a sort of hollow cube of wood, has a 
large opening at its front side and a email one at the back of 
the opposite side, The latter is closed with a very fine 
membrane (of pig's smaller intestine) which is strained stift 
A narrow springy strip of platinum foil, fixed at its outer 
part to the wood, touches the membrane at its middle ; a 
second platinum -strip is fastened by one of its eiuia to the 



22 PHILIPP IIJUS. 

wood nt another spot, and liears at its other end a fiiio 
horizoutal spike, which touches the other little iilatinum 
strip where it lies upon the membrane." 

Sirih Fo7iii. — The Wooden Cone. 

Another transmitter, also a mere variety of the Fourth 

Form, has been described to me by Herr Peter, of Friedrichs- 

dorf, who assisted fieis in his earlier experiments. Fig. 11 




is prepared from a rough sketch furnished me by the kindness 
of Karl lleis. Herr Peter describes the apparatus as having 
been turned out of a block of wood l)y Heis upon his own 
lathe. The conical hole was identical with that of Fig. 9, 
but the surrounding portions of the wood were cut away, 
leaving a conical mouth -piece. 

Seventh Fibrin. — "Hol'hstift" Fohm. 
The engraving presented below (Fig. 12) has been engraved 
with the utmost fidelity by Mr. J. D. Cooper, from a photo- 
graph lent to the author by Ernest Horkheimer, Esq., of 
Manchester, a former pupE of Eeis. The original photograph 
was taken in 1862, having been sent by Eeis in June of that 
year to Mr. Horkheimer, who had left for England. The 
photograph was taken by Keis himself with his own camera, 
the exposm'o being managod by a slight movement of the 
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from memory the form of the instrument — but dimly seen in I 
the photograph — in a. sketch from which Fig. 13 has been 1 
prepared. Mr. Horkheimer adds that the cone waa a wooden I 
one ; and that the square patch belund at the bock was, he \ 
thinks, a box to contain an electro -ma'-net 




Eighth Ftrnn. — Le\'EU Form. 
Tlie Transmitter described witli so much minuteness by 1 
Inspector von Legat in his Keport on Eeis'a Telephone in 
1862 (see p. 70), dillers from the earliest and latest forma, J 
so much BO that some have doubted whether tliia form waa J 
really invented by Reis. It is not described anywhere else I 
than in L^at's Keport (in the " Zeitscliriit " of the Austro- I 
German Telegraph Union, reprinted also ia Dinglei-'a 
Journal), except in Kuhn'a Handbook, where, however, the ' 
description is taken from Legat. Nevertheless a comparison 
of this instrument (Fig. 14) with the original model of the 
ear. from which Reis started, will show that it embodies no 
new point. There is, first, a conical tulje to receive the 
sound, closed at its end with a tympanum of membrane. 
There is next a cin"ved lever, erf, the lower end of which rests -J 
against the centi-c of the membrane. Thirdly, there is a ver- ■ 
tical spring, 'j. which makes contact lightly against the upper I 
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foot, actuating a pseuniatic contrivance of Reis's own inven- 
tion, which was originally designed to turn over the pages 
of a mtiaic hook at t!ie piano, Keis is here represented us 
holding in his hand the telephone with wldch he had a few 
days preceding (May 11, 1862) achieved such success at Ids 




lecture hefore the Freica Deutscliea Hochstil't (Free Cienuan 
Institute) in Frankfort (see p. OU). This instrument wtis 
constructed by Ileis, young Horkhcimer assisting him in llie 
construction. Mr. HorklicJmcr has very obligingly indicated 
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end of the curved lever. Lnatly, there is an adjusting screw. 
It may be further pointed out that in each case the current 
enters (or leaves, as the case may be) the lever at its middle 
ix)int. This form of transmitter is so closely allied indeed 
to the primitive " ear " as to be alike in every feature save 
the external form of tlie sound-gathering funnel. TJio oidy 
reasonable doubt is not whether it be, as Legat asserts, lleis's 




transmitter, hut -whether it ought not in chronological order 
tu rjmk second. Legat's paper was not published, however, 
till 1862, whilst the fourth form was described by lieis in 
18()1. No trace of any instrument corresponding in form to 
Fig. 14, save modern reproductions from Legat's drawing, has 
Wan found. The instrument held by Reis in his hand in 
the photograph (Fig. 12) is so strikingly like the fonu 
ilesciibed by Legat, tluit it furnishes au additional reason for 



accepting Legat's sUitcmout that tliia transmitter really ial 
lieis's inveution. 






Ninth Form.. — TRANSITIONAL FoBM. 
Our knowledge of this form is derived solely from infor- 
mation and sketches supplied by Mr. E. Horkheimer, who 
assisted Reis in its construction. Figs, 15 and 16 are j 
engraved after Mr. Horkheimer's sketches. The conical J 
mouthpiece was of wood: the contact pieces of platinum. 1 
The point e was attached to a springy slip of brass, g, fixed 1 
across the wooden box ; and the adjusting -screw, h, served to . 
regulate the degree of initial pressure at the point of contact i 
which controUeil the current. 

Ttnth Form.~lm SyTj.vKE Box. 

The last form of lieis's Transmitter is that which has I 

lieconie best known, being the only one (except Fig. 9) which I 

found its way into the market. It is here named, for the sake \ 

of distinction, as the " Scjuare Box " pattern. It consisted of ' 




ii-r. i; Fig. 18. 

a aiiuare wooden Irox, having a liinged lid, Fig. 17 is repro- J 
duced from Keis's " Prospectus " (see page 8ij), whilst J 
Fig. 18 is taken from I'rof. .Schonk's biographical pamphlet. 
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In this instrament the idea of the human ear is still carried \ 
out. TIio tin funnel, with its flaring embouchure, still repro- ' 
aenta tlie auditory tube and pinna. The tympanum, no I 
longer at the very end of tlie tube, is strained across a circular I 
aperture in the Hd. Upon it rests the strip of platinum foil j 
which serves as an electrode, and resting in loose contact I 
with Uiia lies the little angular piece of metal which Eeia J 
called the " Hammerehen," Above all lay a circular glaaa 1 
disk (a cover to keep out the dust), which was removed ] 
when the instrument was used. So sensitive did Uiia form I 
prove itself ttiat it was found unnecessary to speak right into J 
the mouthpiece, and the speaker in practice talked or sang I 
with his mouth at some little distance vertically above the I 
instrument ; a method which had the advantage of not so I 
soon relaxing the membrane by tlie moisture of the breatlL { 
The figures show also the auxiliary apparatus attached at I 
tlie side, consisting of a key for interrupting the circuit 1 
(added at first to enable the experimenters to single out the I 
" galvanic tones " from the reproduced tones, and later j 
applied, as Reis explains in his " Prospectus," on page 87), ] 
and an electro-magnet to serve as a " call," by which the lis- 
tener at the other end could signal back to the transmitter. 

Tins form of instrument, which has been so freiiuently 
doscril>ed in the Text-books of I'hysica, was constmcted for 
sale first- by Albert of Frankfort, later by Ladd of London, J 
Konig of Paris, and Ilauck of Vienna. Furtlier details con- I 
ceruing it will be found in this book, in Reis's " Prospectus," 
anil in otlier contemporary documents. 

Although this form is the one most eoiumonly referred to 1 
AS " tlie Reis Telephone," it is evident from a consideration J 
of tlio entire group of forms that Reis's invention was in no I 
way limited to one individual pattern of instrument. For in J 
all these forms there was embodied one all-embracing prin- 
ciple ; — that of controlling tlie electric current by the voice J 
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^^^rking upon a point nf imperfect contact, by the agency of a 
tympanum, thereby opening or closing the circuit to a greater 
or leas degree, and so regulating the flow of the current. 



B. — Eeis'3 Heceivera. 
First Form, — The Violin Receiver. 



^nnirrents from the transmitter, and for reproducing audibly 
that which hail been spoken or sung, consisted of a steel 
knitting-needle, round wliich was wound a spiral coil of silk- 
covered copper-wire. This wire, as Eeis explains in his 
lecture " On Telephony," was magnetised in varying degrees 
by the successive currents, and when thus rapidly magnetised 
and demagnetised, emitted tones depending upon the fre- 
quency, strength, etc., of the currents which flowed round it. 
It was soon found that the sounds it emitted required to be 
strengthened by the addition of a sounding-box, or resonant- 
case. This was in the first instance attained by placing the 
needle upon the sounding-board of a violin. At the first 

.... 




Fig 19. 



violin (see Fig, 19) : subsequently the needle was fixed by its 

lower end to the bridge of the violin. These details were 

[■furnished by Herr Peter, of Friedrichsdorf, music-teacher in 
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Garnier's Institute, to whom the violin belonged, and who 
gave Reis, expressly for this purpose, a violin of less value 
than that used by himself in his profession. Reis, who was 
not himself a musician, and indeed had so little of a musical 
ear as haidly to know one piece of music from another, kept 
this violin for the purpose of a sounding-box. It has now 
passed into the possession of Garnier's Institute. It was in 
this form that the instrument was shown by Reis in October 
1861 to the Physical Society of Frankfort. 

Scwnd Form. — The Cigar-box Receiver. 

Later a shallow rectangular wooden box was substituted 
for the violin, and the spiral was laid horizontally upon it 
(Fig. 20). The date when this modification was made was 
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Fig. 20. 

either at the end of 1861 or the early spring of 1862. A 
cigar-box was the actual sounding-box, and the needle was 
supported within the coil, but not touching it, with its ends 
resting upon two wooden bridges. 

Tliird Form. — TiiE Electro-magnet Receiver. 

Though the precise history of this form of telephonic 
receiver is defective, there can be little doubt that it was 
conceived by Reis amongst his earliest researches. When 
there were in common use so many electric and telegraphic 
instruments in which an electro-magnet is employed to move 
an armature to and fro, it is not surprising that Reis should 
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have thought of availing himself of this method for repro- 
ducing the vibrations of speech. Speaking of the two parta 
of hU invention, the Transmitter and the Receiver, Reis 
liimself says :" " The apparatus named the ' Telephone,' con- 
structed by me, affords tlie possibility of evoking aoimd- 
vibrations in every manner that may be desired. Electro-mag- 
netium affords the possibility of calling into life at any given 
distance vibrations similar to the vibrations that have been 
produced, and in this way to give out again in one place the 
tones that have been produced in another place." A remark, 
almost identical with this, is also made by Inspector von 
Legat (see p. 74) in Ins Report on Reia's Telephone. It 
may be here remarked tliat the form of this receiver is 
known only from the figure and description given in that 
Ueport, and from the extract therefrom printed in Kuhn's 
'Handbook' (see p. 109). Beis seems to have very soon 
abandoned this form, and to have returned to the neeille, 
surrounded by a. coil, in preference to the eloctro-magnet. The 
electro-magnet form ia, however, of great importance, because 
its principle is a complete and perfect anticipation of that of 
the later receivers of Teates, of Gray, and of Bell, who each, 
like Reis, employed as receiver un electro-magnet the function 
of which was to draw an elastically mounted annature back- 
wards and forwards, and so to throw it into vibrations corre- 
sponding to tliose imparted to the transmitting apparatus. 
Fig, 21 shows the disposition of tlie electro-magnet, and of 
its vibratory armature upon a sounding-hoard. This appa- 
ratus was a good deal larger than most of Reis's instruments. 
The sounding-board was nearly a foot long ; the coils of the 
electro- magnet were six inches long, and over an incL thick. 
The armature, a rod of iron of elliptical section, was affixed 
cross-wise at the end of a " light and broad " vertical lever, 

* See Die OeschtchtB ttnd EnUeickeliing dea Ehkfrischmi Fermpitrh- 
vcunts {issued officially (rom Uie Imperial German Poat-ofGce, 1880), p, 7. 
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sboot sefCB indies loi^, whidi seens to bave been made of 
wood. Bs in LegU's Report it is also deBominated aa « 
" plank " (Ballen). 



.— ^^ 
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The final form adoptol by Keis for his Keprodiicing- 
apparatU3 la that commonly known as the Knitting-needlo 
Beceiver. It differa only from the first form in that tho 
needle and its surrounding spiral no longer stand upright on 
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a riolin, but lie horizontally upon a rectangular aotinding- 
box of thin pine wood. The coil of silk-covered copper wire 
is wound upon a light wooden bobbin, instead of being 
twisted round the needle itself. Two wooden bridges stand 




upon the sounding-box, and through these pass the pro- 
truding ends of the needle, whilst an upper box or lid, 
hinged to the lower at the back, is added above. Figs. 22 
and 23 show this form, the former being reproduced from 
Reis's own Prospectus (see p. 85), the latter being from 
Miiller-PouiUet'a 'Text-book of Physics' (.see p, 95). Heir 
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Albert, meohanioian, of Frankfort, who made and sold the 
Rols telephones, says that the upper box was added at his 
sugseation. Originally it was so constructed (see Fig. 22), 
that when dosed it pressed upon the steel needle. In the 
instrumonta of later date, the notches which fitted over the 
needle were cut so deeply (see Fig. 23), that the lid did not 
press u{)on tlie wire. Keis*s own instructions are (see p. 86) 
that Uie sound is intensified by firmly pressing the lid 
against tlie needle, as was done occasionally by the listeners 
who pressed their ears against the lid in order to hear more 
distinctly. The little key seen at the end of the sounding- 
Ih>x» in Fig, 22, was used for interrupting the current and so 
to tolegn\ph l>aek signals to the transmitter. 
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CHAPTER III. 



THE CLAIM OF THE INVENTOR. 

In the present century, when so many facilities exist for the 
diffusion of knowledge, and when every new discovery and 
invention ia eagerly welcomed and immediately noised 
abroad to every country of the globe, it is hard to believe 
that the inventor of an instrument of the highest scientific 
value, destined to play an important part in social and com- 
mercial life, should have been suffered to live and die in 
unrecognised obscurity. Still harder is it to l)elieve that his 
invention passed into almost complete oblivion, unacknow- 
ledged by most of tile leading scientific men of his day and 
generation. But hardest of all is it to believe that when 
at last attempts were made to give to him, whose name and 
fajne had thus been permitted to languish, the credit of the 
splendid researches in wliich he wore his Hfe away, those 
attempts could be met on the one hand by an almost complete 
apathy, and on the other by a chorus of denial, not only 
that any such invention was made, but that the inventor had 
ever intended to invent anything of the kind. Yet nothing 
less than this has happened. Philipp Reis, the inventor of 
the Telephone, the first to scheme, and carry out into 
execution, an instrument for conveying to a distance by 
means of electric currents the tones of human speech and 
human song, is no longer amongst the living. He cannot 
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reclaim for himself the honours that have been showered 
upon the heads of otliers, who, however worthy of those 
Imnours they were — none will deny that — were only not the 
first to deserve them. In his quiet grave, in the obscurity of 
the German village where his daily work was done, he sleeps 
undisturbed by the strife of tongues. To him it matters 
nothing uow, wliether his genius be recognised and his 
invention applauded, or whether ignorance, and calumny, and 
envy, alike decry both. Nevertheless, the memory of him "I 
and of his work will live, and will descend to posterity as of 
one whom hia own generation knew not, whose peculiar 
greatness passed unheeded save by a chosen few. Nor will 
posterity be the less ready to accord hoiwvr to him who in hia 
own day could not even obtain justice. Yet something more 
than a mere historic justice for the poor schoolmaster of Fried- 
richsdorf does the world owe ; justice to the great invention 
that ia now imperishably associated with his name : justice 
to the struggling family whom, instead of enriching, it 
impoverished ; and, not least, the justice of patience, whilst 
the story of his life and work, and the words he himself has 
written thereupon, are unfolded. 

The point at issue, and for which justice has been invoked, 
and of which ample proof ia given in these p^es, is not 
whether Philipp Reis invented a t«lephone — that is not denied 
—but whether Philipp Keis invented the Telephone. The 
irony of fate, not to say the curious ignorance wliich is often 
called by a less polite name, has decreed by the moutb of 
popular scientific writers, of eminent engineers, and of accom- 
plished barristers, that Reis'a invention was not an instrument 
for transmitting human speech at all — was not intended 
even for this — that it was a purely musical instrument in its 
inception, and that it has always so remained. These clever 
persons begin to persuade themselves of this view, and forth- 
with invent a question-begging epithet, and dub the instru- 
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ment as a mere " Ume-telepJioiie " I If some unprejudiced 
person ventures to speak of Reis's instrument as having, aa 
a matter of history, transmitted speech, all the contemptuous 
reply that he gets from the eminent somebody, who poses as 
an authority for the moment, is : Oh, but, you, know, it was 
only a tone-telephone, a musical toy, and when some mie was 
siiigijtg to it you. faiided yott caught the words of the soiig 
which, duriiuf sinking, were occasionatly projected along with 
the mime. Fve always regarded the 'accouiUs of its transmission 
of speech, as a good joke ; ail it could possibly do was occasionally 
to utter an articulate noise in comMnatton, mth a musical tone, 
lou know, Mr. Eeis was a mumcal man, who only 
t to sing, and if it spoke it only spoke by accident ; hut 
such an accident never did or could occur, because the construc- 
tion of it shows that it not only did not but could not transmit 
speech. If Mr. Seis lutd really penetrated tlie fundamental 
prin^ple of the articulating telephone, he would have arranged 
his instrwments very differently; and then,, you hum, if he 
really had transmitted speech tlie discovery would have attracted 
so much attention at the time. Moreover, if he had meant it to 
talk, he would have called it tlie articulating telephone-, and not 
a telephone for transmitting tojies, you know; no one before 
Graham Bell ever dreamed of using a tympanum to ealdi 
aHicula-te sounds, or hod he done so he woidd have been 
laughed at. 

To all such clap -trap as this — and there has been 
enough ad naitseam of such — the one reply is silence, and a 
mute appeal to the original writings of Eeis and hia con- 
temporaries, and to the tangible witness of inexorable 
scientific facts. All the moat important of these will be 
found in their appropriate places. They amply establish the 
following points : — 

I. — Eeis's Telephone was expressly intended to transmit 
spctdt. 
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II. — Eeis'B Telephone, in the hands of lieis mid his con- 
temporarieg, did transmit speech. 

III.- — Keis's Telephone v>Ul transmit spewA. 

Before proceeding to disciias these three points we will 
pause for a moment, first to clear away a lurking verbal 
fallacy, then to point out the partial historic acknowledg- 
ment already conceded to Keia'a claima 

Reia did not call his instrument an " artitndating telephone." 
Neither did he call it a "tone telephone." He called it 
simply " The Tc/cp/ww- " (Das Telephon),* as will be seen in 
his own first memoir (p. 57). He did speak of his instru- 
ment again and again as an instrument "/or reproducing 
tones." But it must be remembered that the German word 
Ton (plural Tone) used by Eeis is more nearly equivalent to 
oup English word " sound," and includes articulate as well aa 
musical tones, unless the context expressly indicates other- 
wise. So that when Eeis talked of the Heprodvetion of 
Tones he was using words which did not limit his meaning 
to musical tones, as indeed hia memoirs show in other ways. 
He started from a consideration of the mechanical structure 
of the human ear, and endeavoured to construct an instrument 
on those lines because the ear can take up all kinds of tones. 
Keis was not so foolish as to imagine that the construction of 
the human ear was solely designed for musical, to the exclusion 
of articulate tones. We are not aware that the epithet, Tone- 

• The uame " Teie| Jioue " had already been applied by Sir C. Wheat- 
elone (1831) to an acoustic aiTa&getuent for transmitting sounds througli 
wooden rods to a dislant place in a purely mechanical manner. It \a 
needless to observe that speech u well as music can be thus transmitted; 
and though WbeatsCoue gave telephonic concerte, this does not prove (nor 
do telephonic concerts given through Reis's Instrument prove) that speech 
could not be transmitted also. The name " Fernsprecher," note used in 
Germoin; for the Telephone, was ouly suggested iu 1877 by Dr. Stepban, 
Postmaster of the German Empire, in obedience to the ahourd fashion 
which has raged since 18T1 in Gennany of rejecting words of classic 
derivation. 
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Telephone, was ever applied to Reis's iustnimenta until it 
became adviaahle (!) to seek a means of disparaging an old 
invention in order to exalt a new one. And it is a curious 
point that the trae musical " tone-telephonea," i.e. instruments 
designed expressly to transmit specific musical tones for tlie 
purpose of multiple telegrapliy, were invented (by Varley, 
Gray, La Cour, Graham Bell, and Edison) long after Reis's 
Telephone, between the years 1870 and 187(5. All these 
were dependent practically upon the tuning-fork system of 
vibration, whereas Reis's system was baaed on the tympanum 
of the ear. To classify Reis's invention with these would bo 
absurd. 

Having shown the fallacy bound up in the term " tnne- 
telephone," we will dismiss the point with the remark that 
henceforth it will be a waste of time to ai^e with any person 
who applies that question- begging epithet to Reis's in- 
vention. 

Partial historic acknowledgments of Reis's claims as 
inventor of The Telephone have been made from time to time 
by those best qualified to speak. 

Mr. Edison, the inventor of the famous lamp-black button 
transmitter, which be christened later as " The Carbon Tele- 
phone," has himself stated in his account of his inventions," 
that he was started upon this line of investigation by having 
put into his hand, by the late Hon. Mr. W. Orton, a manu- 
script ti'ansiation of Legat's Report on Reis's Telephone, 
given in the Journal of the Anstro-German Telegraph Union 
(see Translation, p. 70). So tliat he was, therefore, aware 
at least of this : that in Reis's instruments " single words 
uttered, as in reading, speaking, and the like, were perceptible 
indistinctly, nevertheless, here also the inflexions of the 
voice, the modulations of interrogation, exclamation, wonder. 



• See proceedings in U. S, Cuurl (IXiwJ ti 
li I'rescott's 'Tilt bjH'iikiiig 'J'eli:i)lii'iic,' |>. : 
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command, etc., attained distinct expression." So far as Mr. 
Edison is concerned, therefore. Eels is his starting-point by 
his own direct avowal 

Professor Graham Bell has not failed to acknowledge his 
indebtedness to Reia, whose entry " into the field of telephonic 
research " he explicitly draws attention to by name, in his 
" Researches in Electric Telephony," read before the American 
Academy of Sciences and Arts, in May 1876, and repeated 
almost verbatim before the Society of Telegraph Engineers, 
in November 1877. In the latter, as printed at the time, 
I'rofessor Bell gave references to the researches of Eeis, to 
the original paper in Dingler's ' Polytechnic Journal ' (see 
Translation, p. Gl) ; to the particular p^es of Kuhn's 
volume in Karsten's ' Encyclopsedia ' (see p. 106), in which 
diagrams and descriptions of two forms of Reis'a Telephone 
are given ; and where mention is also made of the success 
with which exclamatory and other articulate intonations of 
the voice were transmitted by one of tliese instruments ; and 
to Legat's Report, mentioned above (and given in full on 
p. 70). Professor Bell has, moreover, in judicial examina- 
tion before one of the United States Courts expressly and 
candidly stated,* that whilst the receivers of his own early tone- 
telephones were constructed so as to respond to one musical 
note only, the receiver of Eeis's instrument, shown in Legat's 
Raport (as copied in Prescott's ' Speaking Telephone,' p. 10), 
and given on p. 109 of this work, was adapted to receive 
tones of any pitch, and not of one tone only. It is further 
important to note that in Professor Bell's British Patent he 
does not lay claim to be the inventor, but only the improver 
of an invention : the exact title of his patent is, " Improve- 
vum.ts in Electric Telephony (Transmitting or causing sounds 
for Telegraphing Messages) and Telephonic Apparatus." 

• PublUhod volume of Proceedings in the United Stales Patent Oflicc, 
before the Commibsioac' of Pateoti. Evidenw: for A. U. Bell, p. 6. 



INVENTOR OF THE TELEPHONE. 



So far as Professor Bell is concemed, therefore, ha is guilt- 
less of stigmatising the Eeis instrument as a mere " tone- 



Professor Dolbear, the inventor of the " Static Receiver " 
form of Telephone, is still more explicit in avowing Reis's 
claim. In the report of Ills paper on " the Telephone," 
read, March 1882, before the Society of Telegraph Engineers 
and of Electricians" we find: "The speaker could testify 
that the instrument would talk, and would talk well. The 
identical instruments employed by Reis would do that, so 
that Reis's transmitters would transmit Secondly, his 
receiver would receive ; and Eeis did transmit and receive 
articulate speech with such instruments." 

As far as Professor Dolbear is concemed, therefore, he 
admits in unequivocal terms the whole claim of Reis to be 
the inventor of Th^ Telephmie. 

Count du Moncel, author of a work on the Telephone, which 
has run through several editions, tliough he has classified 
Iteis's instrument as a mere "tone-telephone," has recently 
admitted! that he was, until the year 1882, ignorant of 
some of Reis's instruments and of his original papers. He 
has, moreover, added these words : " Nevertheless, it would 
not be just not to acknowledge that the Reis Telephone formal 
the starting-point of all the others;" also these significant 
lines : " It is probable that in this matter, as in the greater 
number of modfern inventions, the original invmlifr obtained 
only insignificant results, and that it was the man who first 
succeeded in arranging his apparatus so as to obtain really 
striking results that received the honour of the discovery and 
rendered it popular." 

So far as the Coimt du Moncel is concemed, therefore, 
the claims of Phihpp Heis to be the inventor of the tele- 

• Proc. Soc. Teiegr. Engin. and ^:lect^. vol. iL p. 134, 1882. 
t * Eltctrical Ilivitw,' July 22, 1882, p. iO. 
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phone are admitted, though hesitatingly, to be historically 

jUBt 

We now return to the proof of the three points previously 
enunciated. 

I. — Rels'B Telephone was expressly intended to 
transmit speech. 

Beis'a first iustrunient was (see p. 16) nothing else than a 
model of the mechanism of the human ear. Wliy did he 
choose thin fundamental type which runs through all his in- 
struments from first to last ? The reason is given in Ids own 
first memoir (p. 51), " ffow couid a single instrument repro- 
duce at once l/te total actions of all the organs operated in human 
speech? This was ever the cardinal question." Eeis con- 
structed his instrument therefore with intent to reproduce 
human speech. For this reason he borrowed from the ear 
the su^estion of a tympanum. Of the operation of the tym- 
panum he had the most exact and perfect conception. He 
says (p. 54), " Every tone, and every combination of tones " — 
and this includes articulate tones, of course, and is just as 
true of them as of any other kind^" evokes in our ear, if it 
enters it, vibratunis of the drumr-skin, the Tiwtiojis of which may 
be represented by a miree." And further : " As soon, therefore, as 
it shall become possible, at any place and in any preacrihed manner, 
to set up nidations whose curves are like those of any given 
tone, or eoml/ination of tmies, we shall then receive the same im- 
pression as that toTie or combination of tmtes would hare pro- 
duced upon us." Again, it is clear that his study of acoustics 
led him to employ the tympanum, because of its special value 
in responding to aU the complex vibrations of human speech. 
It is no less significant that when a decade later Varley, 
Gray, and Bell, aefc themselves to invent tone-telephones for 
the purpose of multiple telegraphy, they abandoned tympa- 
nums aa being unsuitable for tone-Lcle])hones, and in lieu 
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thereof employed vibrating tongues like those of tuning- 
forlcs, Reia'a use of tlie tympanum had a very definite 
meaning then ; it meant nothing less than this : I intend my 
instrument to transmit any sound that a human ear can 
Lear. That it was explicitly within his intention to transmit 
speech is confirmed by another passage of Ms first memoir 
(p. 58), wherein he remarks with a shade of disappointment 
that though " the consonants ai'e for the most part tolerably 
distinctly reproduced, the vowels are not yet to on eq^ual 
degree." To his own pupils and co-workers he communi- 
cated his ideas. One of the former, Mr. E. Horkheimer, now 
of Manchester, expressly says (see p. 117) that Eeia's inten- 
tion was to transmit speech, and that tlie transmission of 
music was an afterthought adopted for the convenience of 
public exhibition, just as was the case with the public exhi- 
bitions of BeU'a Telephone fifteen years later. 

Nor did this imperfection cause Eeis to hide his intentions 
from the world. He modestly claimed such success as he 
had obtained, and left the rest. In 1863 he drew up a 
Prospectus (given in extenso on p. 85), which was printed to 
accompany the instruments which were sold ; and of which 
copies are still extant. In this dociunent he says : " Besides 
the human voice, according lo my experience, there can 
also be reproduced the tones of good organ pipes, from F 
to 5, and those of a piano." In tliis same Prospectus 
(p. 87) occur the instructions for tlie use of the signal call 
by which the listener communicates his wishes to the speaker. 
Those instructions run : " One beat = sint/ ; two beats = 
speak." Can any sane person doubt that Keis intended his 
inetrumeut to transmit speech, when such directions stand 
printed in his own Prospectus? Legat's Report (1862) 
speaks of Eeis's instrument as intended (see p. 77) to speak, 
and further describes the use of an elliptic cavity to which 
the listener can apply his ear. Kuhn (186fi) (see p, lOti) says 




that the square-box transmitter {Figs. 17, 18) did not send 
speech well, and complains that he coiJd only get from it an 
indistinguishable noise. Doubtless he spoke too loudly. 
Pisko {18fi5) speaks of the Reis instrument as intended fur 
speaking (p, 105). Further, in the letter which Reis wrote 
in 1863 to Mr. W. Ladd, of London, he expressly emphasises 
hy underscoring the word that his Telephone can transmit 
"any sound" that is sufficiently loud, and he refers to the 
speaker and listener at the two ends of the line as " the cor- 
respondenta." Tlie only reply henceforth possible to any 
person who shall assert that Reia's Telephone was not ex- 
pressly intended to transmit articulate speech is the good 
honest retort : imjnidentissimc mcntiris. 

II. — Eeis's Telephone, in the hands of Reis and his 
contemporaries, did transmit speech. 

Of the performance of his inatrumente Reis speaks modestly 
and earefiilly, nothing extenuating of his failures, notliiug 
exaggerating of his successes. I shall not attempt to be 
wiser than he ; nor seek to make out his instrument to have 
been either more perfect or more I'eliable than he himself 
knew it to be. The membrane tympanum of his transmitter 
was liable to become relaxed by the moisture of the breath 
rendering the instrument — as Graham Bell found fifteen 
years later with Ms membrane magneto-transmitters— uncer- 
tain in ita action. Moreover, in some earlier forms of Eeis's 
transmitter, notably those with a vertical tympanum, the 
adjustment of the contact-points that controlled the cuiTent 
was a matter of delicacy requiring experience and practice, 
so that casual experimentei's failed to obtain the results 
which Reis himself obtained ;• they obtaining only a noisy 

• Mr. E. Albert, of the firm of J. W. Albert and Sohn, of Frankfurt, 
to whom Reis entrusted Ihc niauuroo'.urc of TeleplioDts fur public anic, thus 
writes 1 "The most ini[iuriaDt part wat tht meiubiaue, bocauselhe delicacy 
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snarl -where be obtained intelligible epeech. Lastly, the 
very delicacy of the essential parta, the conducting strips of 
metal which lay lightly in contact against one another, mili- 
tated j^ainat a uniformity of success when tried with dif- 
ferent voices, some of which were too low to produce any 
effect, otiiers so loud as to rattle the delicate contact-pieces in 
a manner fatal to the attainment of the desired result. 

In spite of all these drawbacks, which were not inherent in 
the principle of the instrument, there is plenty of evidence 
that Jim's Telephone did transmit speech. Eeis himself records 
this fact : 

(1.) In 1861, in his memoir ' On Telephony ' (see p. 58), 
" The eoTismuints are for the vwst part tderably diati-ndly re- 
produced, bat ike vowels not yet in an equal degree." 

(2.) In his ' Prospectus ' (p. 86) Reis says that the tones of 
organ-pipes and of the piano can be reproduced as well as 
the tones of the human voice, " according to my experience." 

(3.) The fact is attested by Inspector Wilhelm von Legat, 
in his Report in the * Zeitschrift ' (p. 77), 1862. After alluding 
to the indistinctness of the vowels, be says : " Single words, 
uttered as in, reading, speaMng, and the like, were perceptiMe 



of the apparatus depended principally upon that p&rt. As it was not 
possible to make every meinbrana equally good, bo it came about that 
instrumentB of different degrees of superiority came into use, and Tarious 
deciaiana were arrived at as to the ability of the instrument to [>(>rfurm 
the functions for which it wag designed. Those who happened to have a 
poor instrument were able to hear but little ; while those who possessed a 
good instrument were astonished at its performances. A good instrument 
reproduced the words sung into it in such a manner that not only tho 
pitch hut also the words of the song were perfectly understood, even nbeii 
the listener was unftcquaiDted with the song and the words," 

H. St. EUlmi, of Patis, who contribuled to ' Cosmos,' vol. xiiv. p. 349, 
1864, an article on Reis's Telephone, of which he had seen an esample in 
Konig'a atelier, aaid that when the scale was sung it needed a trained ear 
to distinguish the notes amidst the noises of the receiver. He must have 
got hold of an UDCommouly bad transmitter with a flabby tympanum to 
have failed eo coroplctely. 
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indistinctly, nevertheless, here also tlie infiexiom of the voice, tht 
modulations of ivierrogation, exclamatwn, wonder, command, etc., 
attained distiitct expressioTi." 

(4.) Professor Quincke, of Heidelberg, testifies (see p. 113) 
that he heard and understood words spoken through a Reis 
Telephone in 1864. 

(5.) Professor Bottger, editor of the ■ Polytechnischea Notiz- 
blatt/ in 1863 says (see p. 90} : " The experimenters could 
even communicate words to one another, though certainly 
indeed, only such as had often been heard by them." 

(6.) Dr. Rudolph Messel, an old pupil of Eeia, and an eye- 
witness of his early experiments, has written • ; " There is 
not a shadow of a doubt about Eeis having actually achieved 
imperfect articulation. I personalli/ recotkct tkis very distinctly, 
and could find you plenty more people who witnessed the 
same." 

(7.) Herr Peter, a former colle^ue of Philipp Eeis, whose 
testimony will be found on page 126, narrates how he doubted 
the powers of the instrument until he had verified them for 
himself by speaking into it words which could not possibly 
be premeditated. 

(8.) Mr, E. Horkheimer, who aided Eeis in his earlier work, 
though he left Germany when the development of the 
instrument was yet very far from complete, has even given 
(see p. 117) a list of the words and expressions which he has 
heard transmitted by the earlier forms of the instrument. 

(9.) Herr Philipp Schmidt, brother-in-law of Philipp Reis, 
and now acting- paymaster in the Imperial German Navy at 
Wilbelmshavn, says : " he succeeded finally in reproducing at 
a distance, words and whole sentences." " There never was 
any understanding between my brother-in-law and myself as 

■ Irftt«r of Dr. Messel to ProffSBor W, P, Barrett quoted, in Professor 
Bdrrett'a memoir, ' On the Electric Telephone,' read Nov. 19, 1877, to the 
Diiblia Royal Society. Vide Proc. Roy. Soc. DuW. 1677. 
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to particular words and sentences: on the contrary, these 
were quite spontaneous." 

(10.) Mr, S. M. Yeates, of Dublin, who in 1865 conatnicted 
a modified Beis Telephone (see p. 128), has thus described the 
performance of the instrument : " Before disposing of the 
apparatus, I showed it at the November meeting (1865) of 
the Dublin Philosophical Society, when both singing avd 
Ike distinct articulation of several words were heard through H. 
and the difference tetiveen the speakers' voices dearly recognised." ' 

It is difficult to conceive how testimony on this point could 
be stronger. From so many diiferent sources it is alike 
agreed that— with the instrument presumably in good 
adjustment — Reia's Telephone, in tlie hands of Reis and his 
contemporaries, did transmit articulate speeeh. 

III. — Beis'B Telephone will transniit speech. 

Reis's Telephone consists of two parts : a " transmitter," 
into which the speaker speaks ; and a " recei\'er," at which 
the hearer listens. Their various forms have been described 
in detail in the preceding chapter. All that we are con- 
cerned with at this place is, whether these instruments will 
at the present day do what is asserted. The writer has 
tested every form of Reis's transmitter, save only some of the 
tentative historic forms shown in Figs. 2-8, 13, 15, & 16, ante, 
and has found them perfectly competent to transmit speech, 
provided proper precautions were taken : namely, that the 
contacts were clean and in adjustment, that tlie tympanum 
was tightly stretched, and that the speaker did not speak too 
loudly :t in other words, that the instruments were properly 
used. Any one who wants Jiot la succeed in transmitting 
speech is-ith Reis's transmitter has only to neglect these 
reasonable precautions. It is not, therefore, difficult to fail 

• Seo BarreU's • Telephones Old and New * (1878). p. 12. 
t See Beis'B own reiiiBrk nt bottom of ji. 57. 




The writer has also tested both the better-known forms vim 
Beia'a receiver (Figs. 21, 22, & 23), and finds that both are ' 
perfectly competent t« receive speech electrically and repro- 
duce it audibly, both vowels and consonants being perfectly 
distinct and articulate, though never as loud as in more 
modem forma of telephone-receiver. From a steel wire, 
magnetised, as prescribed by Reis, by surrounding it with a 
coil of wire through which the current passes, the writer has 
obtained articulation exceeding in peri'ection of definition, 
both of vowels and of consonants, the articulation of any other 
telephone-receiver he has ever listened to. Periiaps it may 1 
be objected that it is difficult to listen to a steel wire. EeiB ' 
met this difficulty in his own way by mounting his steel wire 
upon a small sounding-box to strengthen the sounds, and 
added a flat upper case against which the ear of the listener 
can be pressed, and which can be removed, or opened as a 
lid, when a whole audience is to hear simultaneously the tones 
of the instrument wlien working in a. loud and disagreeable 
manner, as a transmitter of the coarser vibrations of a loudly 
sung melody. The lid is not wanted for this latter purpose — 
is an encumbrance ; which, nevertheless, by its presence 
proves the more delicate functions of the instrument Reia's 
instructions in his ' Prospectus,' p. 86, are that pressing this 
lid down firmly upon the steel core increases the loudness of 
the sounds. Any one who wants jwt to suce-crd in receiving 
speech with Eeis's receiver has, as before, oidy to neglect 
reasonable precautions. He has only to use an imperfect or 
bad transmitter, or use it carelessly, or put the receiver to a 
euf&cient distance from his ear, to attain this result. There 
are people who have failed to make Reis's receiver receive. 

This is not the place to discuss a doctrinaire objection 
sometimes raised, that it is theoretically impossible for Eeis's 
instruments to work. For the moment we are concerned 
with the practical question : Do they work ? No one 
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practically experienced in telephones, even if he should 
deny that Reis had any such intention, will dispute that 
they can now be made to transmit speech. Professor Dolbear, 
himself no mean authority on telephones, testifies, as quoted 
above (p. 41), " that the instruments would taik, and totmld 
talk well." He would, indeed, be a bold man who would 
come forward to deny what can be shown any day as an 
experimental fact ; that Reis's Telephone u>ill transmit speech. 

We have now shown that Philipp Reis was the undisputed 
inventor of an instrument which he called the Telephone, 
wliich instrument can now be used to transmit speech ; which 
was then used to transmit speech ; and which was invented 
on purpose to transmit speech. So far the result of the 
examination into the facts of the case is conclusive enough. 
A more complete case could hardly be desired. No honest 
person could hesitate for want of proof, either greater io 
amount or more direct to the point. 

Nevertheless, I propose in another section to go a little 
further and to prove a technical point of highest interest ; 
namely, that there is not in the Telephone Exchanges of 
England to-day, any single telephone to be found in which 
the fundamental principles of Reis's Telephone are not the 
essential and indispensable features. These considerations 
being, however, of a strictly technical nature, will be best 
considered in an Appendix. As, however, we are able to 
show that those instruments which are now in daily use for 
transmitting speech, embody the two fundamental principles 
upon which Reis based the instrument which he called "Das 
Telephon," it would be dishonest to the memory of the 
deceased inventor to claim anything less than that he was 
the " first and true inventor " of the Telephone. 



50 PBILIPP REI8, 



CHAPTER IV. 

CONTEMPORARY DOCUMENTS. 

The following documents, drawn from the scientific literature 
of the time, are placed in chronological order, beginning with 
the first memoir published by Philipp Reis himself, in the 
Jahresbericht of the Physical Society of Frankfort, for the 
year 1860-61. Every care has been taken that the trans- 
lations here given shall be faithful in every detail to the 
originals. All notes and comments by the translator are 
distinguished by being enclosed in square bracketa 

[1.] On Telephony by the Galvanic Current. 

By Philipp Reis. 

[Translated from the Annual Report (Jahresbericht) of the Physical 
Society of Frankfurt-am-Main, for 1860-1861.] 

The surprising results in the domain of Telegraphy, have 
often already suggested the question whether it may not also 
be possible to communicate the very tones of speech direct to 
a distance. Researches aiming in this direction have not, 
however, up to the present time, been able to show any 
tolerably satisfactory result, because the vibrations of the 
media through which sound is conducted, soon fall off so 
greatly in their intensity that they are no longer perceptible 
to our senses. 

A reproduction of the tones at some distance by means. of 
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the galvanic current, lias perhape been contemplated ; but at 
all events the practical solution of this problem has been 
most doubted by exactly the very persons who by their 
knowledge and resources should have been enabled to grasp 
the problem. To one who ia only superficially acquainted 
with the doctrines of Physics, the problem, if indeed ha 
becomes acquainted with it, appears to offer far fewer points 
of difficulty because he does not foresee most of them. Thus 
did I, some nine years ago (with a great pendmnt for what 
waa new, but with only too imperfect knowledge in Physics), 
have the boldness to wish to solve the problem mentioned ; 
but I was soon obliged to relinquish it, because the very first 
inquiry convinced me firmly of the impossibility of the 
solution. 

Later, after further studios and much experience, I perceived 
that my first investigation had been very crude and by no 
means conclusive : but 1 did not resume the question seriously 
then, because 1 did not feel myself siifficiently developed to 
overcome the obstacles of the path to be trodden. 

Youthful impressions are, however, strong and not easily 
effaced. I could not, in spite of every protest of my reason, 
banish from my thoughts that first inquiry and its occasion ; 
and so it happened that, half without intending it, in many a 
leisure hour the youthful project was taken up again, the diffi- 
culties and the means of vanquishing them were weighed, — 
and yet not the first step towards an experiment taken. 

How could a single instrument reproduce, at once, the 
total actions of all the organs operated in human speech ? 
This was ever the cardinal question. At last I came 
by accident to put the question in another way : How 
does mi.T ear take cognizance of the total vibrations of all the 
simultaneously operant organs of speech ? Or, to put it more 
generally: How do we perceive the vibrations of several 
bodies emitting sounds simultaneously ? 
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In order to answer tliis question, we will next see what 
must happen in order that we may i>erceive a single tone. 

Apart from our ear, every tone is nothing more than the con- 
densation and rarefaction of a body repeated several times in a 
second (at least seven to eight times ■). If this occurs in the 
same medium (the air) as that with which we are surrounded, 
then the membrane of our ear will be compressed toward the 
drum-cavity by every condensation, so that in the succeeding 
rarefaction it moves back in the opposite direction. Tliese 
vibratious occasion a Ufting-np and a falling-^omi of the 
" hammer " [)naUeiM bone] upon the " anvil " [incits bone] 
with Hie same velocity, or, according to others, occasion an 
approach and a recession of the atoms of the auditory 
ossicles, and give rise, therefore, to exactly the same number 
of concussions in the fluid of the cocklaa, in which the 
auditory nerve and ita terminals are spread out. The greater 
the condensation of the flound-conducting medium at any 
given moment, the greater will be the ampUtude of vibration 
of the membrane and of the " hammer," and the more power- 
ful, therefore, the blow on the " anvil " and the concussion of 
tlie nerves through the intermediary action of the fluid. 

The function of the organs of hearing, therefore, is to impart 
faithfully to the auditory nerve, every condensation and 
rarefaction occuning in the surrounding medium. Tlie 
function of the auditory nerve is to bring to our consciousness 
the vibrations of matter resulting at the given time, both 
according to their number and their magnitude. Here, first, 
certain combinations acquire a distinct name : here, first the 
vibrations become musical toiu^ or discords (Miastone). 

That which is perceived by the auditory nerve, is, therefore, 

• [This was tho number formerly aoce|it«d on the nullioritj- of DeapretK 
aa the minimum number of vibratigiiB tbnt could erohe the aingiitiiiii of a 
lone in the human ear. The limit now more uniially roco^ized is that of 
HeimholtK, who assigns from Ihirty to forty Uouble vibmtioiiB pr setxnid 
n.]-S. P. T. 
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merely the action of a. force affecting our conseiousuess, and aa 
such may be represented graphically, according to its duration 
and magnitude, by a curve. 



Fig. 24. 

Let the line a, b, indicate any given length of time, and 
the curve above the line a condensation ( + ), the curve below 
the line a rarefaction ( — ), then every ordinate erected at tlie 
end of an abscissa will give [according to the lieight of it], at 
a moment indicated by the position of the foot of the 
ordinate, the strength of the condensation that is causing the 
drum-skin to vibrate. 

Our ear can perceive absolutely nothing more than is 
capable of being represented by similar curves, and this 
method ia completely sufficient to bring before our clear 
consciousness every tone and every combination of tones. 

If several tones are produced at the same time, then the 
medium that conducts sound is placed under the influence of 
several simultaneous forces ; and the two following laws 
hold good; — 

If all the forces operate in the same sense, the resultant 
motion is proportional in magnitude to the sum of the forces. 

If the forces operate in opposite senses, the resultant 
motion is proportional- in magnitude to the difference of the 
opposing forces. 

Let us exhibit the condensation-curves fot three tones — 
each singly (Table I.)* : then, by adding together the ordinates 

' [The three plates or tables with which Beis accoinpanieil liia Memoir, 
contaiaing a variety of uoduktory curreB correspondiDg to various com- 
binations of toues, both of musicBl concordE and of disBonut Eouiids, nre 
not reprinted in this hook in their entiretr. Table I. contained three sets, 
ihe first of which is reproduced by photo-lilhography in reduced fiKsimilo 
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corresponding to equal abacisss, we can determine new 
ordinates and develop a new curve which we may call the 
combination-curve [or resultant curve]. Now this gives u8 
just exactly what our ear perceives from the three simul- 
taueous tones. It ought to cause ua as little wonder that 
a musician can recognize the three tones, as that (as is the 
fact) a person conversant with the science of colour, can 
recognize in green, blue and yellow tints. The combination- 
curves of table I. present, however, very little difficulty, eince 
in them all the proportions of the component curves recur 
successively. In chords consisting of more than three tones 
(Table II.), the proportions of the components are no longer 
so easy to recognize in the drawing. But it is also difficult 
to an accomplished musician, in such chords to recognize the 
individual notes. 

Table III. shows us a discord. Why discords affect us ao 
unpleasantly I leave proviaionally to the contemplation of 
the gentle reader, as I may perhaps return to this point in 
another memoir. 

It follows from the preceding that : — 

(1.) Every tone and every combination of tones evokes in 
our ear, if it enters it, vibrations of the drumskin, the motions 
of which may be represented by a curve.' 

(2.) The motions of these vibrations evoke in us the per- 
ception (sensation) of the tone: and every change in the 
motion must change the sensation. 

in Fig. 47, p. 173. It was also reproduced bj W. Ton Legal in hia 
Koport from whiulv Plato I. at end of this book ia copied, Fig. 1 of that 
plate being the same as Fig. 1 of Reis's Table I. Fig. 2 of Plate 1, was 
in like manner copied by Legat from the first tiguro of Reis's Table II., and 
Fig. 3 of Plate I., which represents the curves of a non-harmoniouB com- 
bination is the same as Reis's Table 111., the only difference being that ta 
Beia's Table III. the irr^tilar undulations of the resultant curve were 
cmphasiBeil by being labelled ' Dissononz.'] — S. F. T. 

• [This IK true for aiwcth-tones as well as for musical tones. Each kind 
of Itme may be rcpresenled bj its own characlctistie cur^-e.]— K. P. T. 
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As soon, therefore, as it shall be possible at any place and 
ia any prescribed manner, to set up vibrations whose curves 
are like those of any given tone or combination of tones, we 
shall receive the same impression as that tone or combina- 
tion of tones would have produced upon us." 

Taking my stand on the preceding principlea, I have suc- 
ceeded in constructing an apparatus by means of which I am 
in a position to reproduce the tones of divers instruments, 
yes, and even to a certain degree the human voice. It is 
very simple, and can be clearly explained in the eequel, by 
aid of the figure : 



"^-^^r -, 
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Pig. 2S. 



In a cube of wood, r s t u -e io x, there ia a conical hole, a, 
closed at one side by the membrane t (made of the lesser 
intestine of the pig), upon the middle of which a little strip 
of platinum is cemented as a conductor of the current [or 
electrode]. This is united with the binding-screw, ^. From 

* [This is the fundonientol principle, not only of iho telephone, but ol 
the phonograph ; and it is wonderful with what clearnesa Hela had grasped 
hi» principle in 18CI.]— S. P. T, 
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the binding-screw n there passes likewise a thin strip of 
metal over the middle of the membrane, and terminates here 
in a little platinum wire which stands at right angles to the 
length and breadth of the strip. 

From the binding-screw, p, a conducting- wire leads 
through the battery to a distant station, ends there in a spiral 
of copper-wire, overapun with silk, which in turn passes into 
a return-wire that leads to the binding-screw, n. 

The spiral at the distant station is about sis inches long, 
consists of six layers of thin wire, and receives into its middle 
as a core a knitting-needle, which projects about two inches 
at each side. By the projecting ends of the wire the spiral 
rests upon two bridges of a sounding-box. (This whole piece 
may naturally be replaced by any apparatus by means of 
which one produces the well-known " galvanic tones.") 

If now tones, or combinations of tones, are produced in the 
neighbourhood of the cube, so that waves of sufficient strength 
enter the opening a, they will set the membrane h in vibra- 
tion. At the first condensation the hammer-ahaped little 
wire d will be pushed hack. At the succeeding rarefaction 
it cannot follow the return-vibration of the membrane, and 
the current going through the little strip [of platinum] 
remains interrupted so long as until the membrane, driven by 
a new condensation, presses the little strip (coming from p) 
gainst d once more. In this way each sound-wave effects 
an opening and a closing of the current. 

But at every closing of the circuit the atoms of tha iron 
needle lying in the distant spii-al are pushed asunder from 
one another. ( Midler- Pouillet, ' Lehrbueh der Physik,' see 
p, 304 of vol. ii. 5th ed.). At the interruption of the current 
the atoms again attempt to regain their position of equili- 
brium. K this happens then in consequence of the action 
and reaction of elasticity and traction, they make a certain 
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number of Tibrations, and yield the longitudinal tone ■ of the 
needle. It happens thus when the interruptions and reatora- 
tions of the current are effected relatively slowly. But if these 
actions follow one another more rapidly than the oscillations 
due to the elasticity of the iron core, then the atoms cannot 
travel their entire paths. The paths travelled over become 
shorter tlie more rapidly the interruptions occur, and in pro- 
portion to their frequency. The iron needle emits no longer 
its longitudinal tone, but a tone whose pitch corresponds to 
the number of interruptions (in a given time). But this is 
saying nothing less than that Ihe needle reproduces t/te tone 
■whieh was imparled to the. interrupting apparatus. 

Moreover, the strength of this tone is proportional to the 
original tone, for the stronger this is, the greater will be tlie 
movement of the drum-akin, the greater therefore the move- 
ment of the little hammer, the greater finally the length of 
time during which the circuit remains open, and consequently 
the greater, up to a certain limit, the movement of the atoms 
in the reproducing vrire [the knitting needle], which we 
perceive as a stronger vibration, just as we should have 
perceived the original wave. 

Since the length of the conducting wire may be extended 
for this purpose, just as far as in direct tel^raphy, 1 give to 
my instrument the name " Tdephon" 

As to the performance attained by the Telephone, let it 
be remarked, that, mth its aid, 1 was in a position to 
make audible to the members of a numerous assembly (the 
Physical Society of Franklbrt-on-tbe-Main) melodies which 
were sung (not very loudly) into the apparatus in another 
house (about three hundred feet distant) with closed doora. 

Other researches show that the sounding-rod [Le. the 

* [That is, at any single demAgnetis&tiun of the needle, it vibrates and 
einita the same tone as if it harl been struck or mechaDicall]' caused to 
vibrate longitudinally.] — S, P, T. 
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knitting needle] is able to reproduce complete triad chords 
{" Breiklange ") of a piano on which the telephone [i.e. the 
transmitter] stands ; and that, finally, it reproducer equally 
well the tones of other instruments — harmonica, clarionet, 
horn, organ-pipes, Ac, always provided that the tones belong 
to a certain range between F and/'. 

It is, of course, understood that in all researches it y 
sufficiently ascertained that the direct amductlon of the sound 
did not come into play. Tiiis point may be controlled very 
simply by arranging at times a good shunt-cireuit directly 
across the spiral [i.e. to cut the receiving instrument out of 
circuit by providii^ another path for the currents of i 
tricity], whereby naturally the operation of the latter 
momentarily ceases. 

Until now it has not been possible to reproduce the tones 
of human speech with a distinctness to satisfy everybody. 
The consonants are for the most part tolerably distinctly 
reproduced, but the vowels not yet in an equal degree. Why 
this is so I will endeavour to explain. 

According to the researches of Willis, Helmholtz, and 
others, vowel sounds can be artificially produced by causing 
the vibrations of one body to reinforce those of another 
periodically, somewhat after the following scheme :- 

An elastic spring is set iu vibration by the thrust of the 



tooth of a cog-wheel : the first swing is the greatest, and 
each of the others is less than the preceding one (see Fig. '. 

* [Tbis roDgo vaa simply due to llie degree of tension of the 
HDolher tTmpanum differently btrutch«l, or of 'tiflbrcut proi«rliuDS, 
have a diflcrtut rangi; uwordiiig to circuiuBlaoccB.] — S. 1'. T. 
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After several vibrations of tliis sort (witliout the spring 
coming to rest) let another thnist be given by the tooth ; the 
next 8\ving'will again be a maximum one. and so on. 

The height or depth of tlie sound produced in this fashion 
depends upon the number of vibrations made in a given 
time ; but the quality of the note depends upon the number 
of variations of amplitude (Anschwellungen) occurring in the 
same time. 

Two vowels of equal pitch may be distinguished from each 
oUier somewhat after the manner represented by the curves 
(1) (2) : while the same tone devoid of any vowel quality, is 
represented by curve (3). 




Our organs of speech create the vowels probably in the 
same manner by a combined action of the upper and lower 
vocal chords, or of the latter and of the cavity of the mouth. 

Now my apparatus gives the number of the vibrations, 
but with far leas strength than the original ones ; though 
also, as I have cause to think, always proportional to one 
anotlier up to a certain degree. But because the vibrations 
are throughout smaller, the difference between large and small 
vibrations is much more difficult to recognize than in the 
original waves, and the vowel is therefore more or leaa 
indefinite. 




Whether my views with respect to the curves representing I 
combinations of tones are correct, may perhaps be deter- I 
mined by aid of the new phonautograph described byJ 
Duhamel. (See Vierordt's ' Physiology,' p. 254) 

There may probably remain much more yet to be done fori 
the utilisation of the telephone in practice {znr praktischea \ 
Verwerthung des Teleplions), For physics, however, it baa I 
already sufficient interest in that it has opetied mil a new I 
field of labour. 

Philiit IlEia 

Friedriclisdorf, near Frank fort- on-the- Main, 
in December 1861, 

[Though the foregoing memoir, as printed in the ' Jahres- 
bericbt,' of the Physical Society of Frankfort-on-the-Main, 
is dated "December 1861," it was delivered verbally on 
October 26th preceding, as the ' Proceedingg ' of the Society 
show. From the ' Jahresbericht ' for the succeeding year we 
learn that three weeks after the delivery of this communi- ^ 
cation Reis made a second communication to the Society on 1 
a kindred matter. Tlie entry is as follows (' Proceedings ' of 1 
the Society, p. 13): "On the I6th November, by the same: 
Explanation of a new Theory concerning the Perception of 
Chords and of Timbre (' Klangfarben '), aa a Continuation and 
Supplement of the Memoir on the Telephone," So far as can 
now be learned, the substance of tliis communication waa 
embodied in the latter part of the paper " On Telephony," 
when wTitten out in December for publication. On the 8th of 
January, 1862, the formal thanks of the Society were voted 
to Reis for the manuscript which he had contributed to the 
'Jahresbericht' 

It is of interest, moreover, to note that the matter did not 
immediately drop. Professor Bottger, who as one of the 
regular lecturers of the Physical Society, held fortnightly dis- 
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courses on matters of scientific novelty, took occasion on the 
7th of December to recur to the subject then attracting so 
much attention. The title of Ms discourse (see ' Proceedings ' 
of the Society, p. II) was "Application of an Experiment 
relating to the Transmission of Musical Tones to any desired 
distance by means of the Galvanic Currant." It is not quite 
certain whether Reia was present on this occasion. Early in 
the spring of 1863, appeared in Bottger's " Polytechnischea 
Notizblatt' (No. 6 of that year) an article which contains in 
condensed form Bottger's discourse. This article was copied 
into Dingler's ' Potyteclmiacbes Journal' for May 1863. 
vol. clxviii.p. 185, and also into the ' Poly tech nisches Central- 
blatt' for July 1863, voL xxix. p. 858. An extract of Reis's 
own paper, condensed from the ' Jahresbericht ' by Dr. Roeber 
(now President of the Physical Society of Berlin), appeared 
in the ' Berliner Bericlite ' (t. e. the ' Fortschritte der Physik ') 
for 1861, voL xviL pp. 171-173. It is interesting to note 
that Reis's paper was then deemed worthy to stand in tlie 
pages of the ' Fortschritte ' by the side of the classic researches 
of Thomson on Rogelation, and of Maxwell on Magnetic 
Lines of Force. The following is a translation of Bottger's 
notice mentioned above.] 



[2.] Ox THE TbASSMIRHION OF ToNES TO A DISTANCE A8 
FAK AS UESIRED, BY THE HELP OF ELECTRICITY (TeLKPUONV). 

[Translated from the original notice by Pioreasor Bdttger, which ap- 
peared in Bottger's 'Polylecbniscben NotiabUtt,' 1863, No. 6, p. 81, in 
Dingler'a ' Polylecdnisches Journal," ]8(i3, vol. clxviii, p. 185, and in the 
' PoIytechniachcB Centralblatt," 1863, t Mix. ^ 858.] 

Two decades ago we had not yet gone beyond the first 
attempts to give signals at a great distance by the aid of 
electricity. Since then telegraphy has attained such a com- 
pleteness, and the telegraph wire has reached such a universal 
extension, that there seems little left for even the boldest 
wish to desire. 




Now there crops up a first aeriouB research to reproduce 
tones at any desired distance by the aid of electricity. This 
first experiment which has been crowned with some success, 
lias been made by the teacber of Natural Science at Fried- 
richsdorf, not far from Frankfort-on-the-Mflin, Herr Ph. Reia, 
and has been repeated in the Auditorium of the Physical 
Society in Frankfort, before numerous assembled members on 
the 26th of October, 1861. He caused melodies to l)e sung 
not very loudly into one part of liis apparatus, wliich was 
placed in a building (the Burger-Hospital), about 300 feet 
distant, with closed windows and doors. These same melodies 
were avdib/e to the members in the meeting-ball by means of 
the second part of the apparatus. These wonderful results 
were attained with the following simple pieces of apparatus. 
A little light box, a sort of hollow cube of wood, has a lai^ 
opening at its front side, and a small one at the back on the 
opposite side. The latter is closed with a very fine membrane 
(of pig's snialler-intestiDe) which is strained stiff. A narrow 
apringy strip of platinum foil, fixed at its outer part to the 
wood, touches the membrane at its middle ; a second platinum 
strip is fastened by one of its ends to the wood at another 
spot, and bears at its other end a fine horizontal spike, which 
touches the other little platinum strip where it lies upon the 
membrane. 

As is known, tones arise &om rarefactions and condensa- 
tions of the air following quickly after one another. If these 
motions of the air, known as waves, strike upon the thin 
membrane, they press it against the little plate of platinum 
with which it is in contact, and immediately let it vibrate 
back again into the hollow cube (or so-called artificial ear) : 
they act so that the membrane now takes a form hollowed 
toward the cube, now bulged toward the outside. The little 
plate of platinum touching it thereby acquires a vibrating 
motion, bo that it now is pressed against the spike of the 
second [platinum plate], now leaves the same. 



r 

I 



INVENTOR OF TlfE TF.LEPnONE. 



63 



If now one little plate of platinum be united by a wire 
with one pole of a voltaic battery, and the electricity be led, 
by a wire fastened to the other pole of the battery, to any 
desired distance; tliere carried through a spiral, about six 
inches long, made of a six -fold winding of very thin covered 
copper wire ; thence led back to the second platinum strip on 
the wooden cube through a second insulated wire ; then at 
every vibration of the membrane an interruption in the 
current of electricity takes place because the platinum point 
no longer touches the other little strip of platinum. Tlirough 
the hollow of the wire-spiral there ia stuck a thin iron wire 
(a strong knitting-needle), which ia ten inches long, and 
which rests upon two bridges of a sounding-board by its ends 
which project on both sides about two inches out of the 
spiral. 

It is known " that if an electric current be led through a 

■ [The fo-calleil "galvanic tone" beard on opening or closing the circuit 
tiittt well-known, and Werlheini had shown that tliia tone was, for any 
given rod of iron, identical witb its " longitudinal tone," i.e. the tone pro- 
duced bj striking it on the end so as to produce longitudinal vibratiooB. 
But it was one of ihe rocwt important discoveries in Reis's researches that 
such a rod could take up any tone in obedience to the vibrations forced 
upon it by periodic interruptions iu the magnetising current iu the spiral 
of any degree of rapidity within very wide limits. The translator has had 
occasion to examine this point, and has found iron, steel, and coMc wires 
varying from 4 to 10 inohes in length, including some used by Itels him- 
self as receivers, to be capable of taking up vibrations from as slow as 40 
per second to the very shrillest whistle audible lo human ears, or exceeding 
30,000 per second. It is sometimes also mistakenly supposed that such a wire 
can respond only to the vibratiuus of tones that are musical, not to those 
that are articulate, including both consonants aud vowels. This, however, 
is an entire mistake. For, using such a wire as a receiver (surrounded by its 
proper coil and mounted with an appropriate sounding board, or, better still, 
tympanum), in conjimction with a well-adjusted tranemitter, the articula- 
tion transmilted surpasses that obtainable with any of the ordinary mag- 
netic receivers in distinctness, though not in loudness. This discovery of 
Reis's is of the greatest importance, especially as some who ought to know 
better have very unjustly denied the capability of this port of the apiaratus 
to act as a lelephooo receiver for articulate sounds.}— S. P- T. 
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spiral which smroimda an iron rod in the manner described, 
at every intemiption of the aame a tone is audible arising:' 
from the vibration of the rod. If the closings and interrup- 
tions of the circuit follow one another relatively slowly, theil 
there is produced by the changes of position of the molecules 
of the rod, evoked by the electricity, a tone, — tlie ao-called 
longitudinal tone of the rod, — which is dependent upon the 
length and stoutness of the rod. But if the closings and 
interruptions of the electric current in the spiral follow one 
another more rapidly than the vibrations of the smallest 
particles of the iron rod,* which vibrations are determined 
by its elasticity, then these particles cannot complete their 
paths, receive new impacts, their vibrations become smaller, 
but quicker, and follow one another as frequently as the in- 
terruptions. The iron rod then no longer gives its longi- 
tudinal tone, but a tone, which is higher according as the 
interruptions are more frequent in the given time, or lower, 
as they are less frequent. It is known that the height and 
depth of tones depends only on the number of air-wavea 
which follow one another in a second. We have seen 
above that by this is determined the number of interrup- 
tions of the electric current of our apparatus by means of 
the membrane and the platinum strip. The iron wire must 
therefore give out the tone in the aame height or depth as 
that which struck the membrane. Now since a very far 
leading of the electricity makes it suffer scarcely any weak- 
ening in proper apparatus, it is intelligible that one can 
make the tone which acts on the membrane at one place 
audible, by means of the iron rod, at any desired distance. 
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* [TbiB limit ia a rolntoke of Profeetor Botlget's. The IdDgitudinil J 
lone of an unBtraioed iron or steel wire 10 inches long would be a note 
■bout four oelaves above tbe middle c of ihe piaao ; wbereag, in fact, any 
note of the whole pimo-gamiit down to the lowest not*, can be reprodiired 
by fluch B wire, as slated in preceding footnote.] — S, P. T, 
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That the tone ia made audible at a distance by the electric 
agitations, and not by direct conduction of the aound-wavea 
tliroiigh the wires ia proved in the most evident iv-ay of all, 
because one instantly hears no more the tone through the 
spiral when a good short circuit ia made, as, for example, by 
laying upon the two wires which conduct the electricity a 
strip of sheet metal right in front of the spiral. 

The reproduced tones are, of course, somewhat weaker than 
the original ones, but the number of vibrations ia similar. If 
thus the reproduction [of tones] in exactly similar height 
and depth ia easily attained, it is however difficult for our 
ear, amidst the always smaller vibrations, to which the 
diminished strength of the tone is due, to evaluate exactly 
the magnitude of the vibrations. But the cliaracter of the 
tone depends upon the number of variations of amplitude 
(Anschwellungen), that is to say, depends upon whether, for 
example, in the tones wiiieh have similar pitch and therefore 
a similar number of waves per second, the fourth, sixth, 
eighth, tenth, or sixteenth wave is stronger than the others. 
For physicists have shown that an elastic spring is set in 
vibration by the thrust of the teeth of a cog-wheel ; the first 
vibration ia the greatest, all those that follow being less. If 
there comes, before the spring comes to rest, a fresh thrust 
from a cog, then the next vibration is again equal to the 
greatest first vibration without the spring making any more 
vibrations on that account ; and by this means vowel-tones 
may be artificially produced. 

One may ako be yet far removed from being able to carry 
on a conversation with a friend dwelling a hundred mUes 
distant, and recognise his voice, as if he sat near us ; but it 
can no longer be maintained that this is impossible. Indeed 
the probability that this will be attained * is already become 

• [ProfesBor Bottger liad not to wait long for the folfilment to a very 
large degree of this anticipatiOQ ; for wtibin rix monlhs Dingler's Jourufil, 



as great aa the probability of the reproduction of natural 1 
colours in photography has become through the notable 
s of Niepce. 



[The second public exhibitiou which Eeia made of the 
telephone was, like the first, in FrankfortHDn-the-Maiu, but 
this time before a Society known as the Frcks Detttsckes I 
Hockstift, or Free German Institute, a kind of Atbenreum | 
Club for the city of Frankfort, now for many years established I 
in the well-known house where the poet Goethe was born, 
in the Grosse Hirschgraben. In 18C2, however, the Free J 
German Institute held its meetings in another building j 
known as the Saalbau. And on May the 11th of that year | 
I'hilipp Eeis lectured upon and exhibited the Telephone. 
A journal which appeared then, and still appears, 
Fi-ankfort, with the title of ' Didaakalia,' devoted to light J 
literary and artistic news, popular science, and general in- 
telligence of an informing character, ordinarily inserted 
notices of the chief meetings of the Hochstift. On this occa- 
sion a preliminary paragraph was inserted in the following ; 
terms : — ] 

[3.] Tklephony, i.e. Sousd-Trahsjussion. 

[Teansiation feom ' DiDASKiXiA,' May 8th, 1862.] 

The excelleut physicist, Mr. Phil. Eeis, of Friedrichsdorf, ' 
calls by this name his surprising invention for using the 
telegraph line to transmit really audible tones. Our readers 
will perhaps remember having heard some time since of this 



in which tiiis nrtide appearud, coiitaiQeil Legat's report on Beis^ iustni- 
menU, in whicli not only weru various modificaliooB in their conBtruotioa 
mihdo known, but aUo tho traninniBsion of voioo-toneH, not jel perfectly 
but with recognisablu niudidntions and iutonallom, ww recorded. Rein 
liad, indeed, Bucceuled nearly as well as lliU willi bis first inalrmutsut, aa 
bJB mcinuir of 1B61 abowe. See p. 58.] 



ISVENTOR OF TEE TELEPHONE. 67 

invention, the first trials with which Mr. Reia performed 
here in the Physical Society. Since then the invention has 
been constantly developed, and will, no doubt, become of 
great importanca 

[The lecture which followed this announcement waa duly 
given on the 11th of May. In the Saalban there ia a suite 
of four rooms. The Lecture to the assembled members of the 
Hochstift was delivered in tlie Auditorium, at one end of 
the suite : the wires were passed through the two intervening 
rooms to the fourth chamber, where the transmitter was 
placed, the doors being closed. The battery and wires were 
borrowed from the Physical Society for this occasion, per- 
mission for their use having been granted on May 2nd, 
OB appears .in a formal entry in the minute-book. The fol- 
lowing notice of Eeis's discourse, believed to have been 
written by Dr. Volger, Founder and first President of the 
Hochstift, appeared in ' Didaskalia' for May 14th.] 

[4.] Translation from 'Didaskalia,' 12th May, 1862. 

Yesterday's meeting of the Free Glerman Institute was a 
very numerously attended one from the fact that the subject 
in the order of business, " Telephony by Tranamission of the 
Galvanic Current," as explained by the inventor himself, 
Mr. Phil. Reis, excites so great an interest that it rightly 
deserves the most general attention. 

In a lecture exceedingly interesting, universally under- 
stood, clear, and concise, Mr. Reis gave a historical outline 
of the origin and development of hia idea of the practical 
possibility of the transmission of tones in a galvanic way. 

His first attempts were mostly imsucceasful in solving the 
cardinal question propounded by him. " How is it possible 
that a single instrument can reproduce at once the total action 
of aU the organs operated in human speech ? " Until finally 
it occurred to him to seek tlie solution of the problem in the 

F 2 
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question, " How does our ear take cognisance of the total 
vibrations of all the organs of speech acting at once?" or 
" How do we perceive the vibrations of several bodies sound- 
ing at once ? " 

In order to answer this question the lecturer went more 
closely into the anatomy of the ear and into the formation of 
tones in general. After tMs was detenuined, he took up 
again his experiments in reference bo the transmission of 
tones by means of galvanism. 

Afterwards Mr. Reis constructed considerably enlarged 
the parts of the ear necessary for hearing, by which it was 
finally possible for him to transmit the tones brought to the 
mechanically-imitated oar. 

The experiments by him some months ago in the Physical 
Society, were, to the astonishment of all, exceedingly plain 
and clear, whereas the experiment following the lecture of 
yesterday was less successful. This was due partly to the 
poor conductivity of the wires, partly to the locality. 

Although much is still left to be done for the practical 
utilisation (Verwerthung) of the telephone, yet a new and 
interesting field of labour is hereby opened to physics. 

[No more complete report than the foregoing is to be found, 
and it is believed that the discourse, wliich like all those 
given by Reis was delivered extempore, was never committed 
to writing. Its resemblance to the discourse of the preceding 
autumn before the Physical Society is great ; and indeed it 
may be said that all Reis's discourses upon the telephone 
were practically identical in their contents. A few months 
after this lecture, Reis presented a pair of instruments, trans- 
mitter and receiver, to the Hochstift. These instruments 
were not the same as those used by Reia at his lecture, but 
were of the " improved " type, whilst those used by Reis at 
his lecture to the Hochstift, were, so far as respects the trans- 
mitter at least, more like the fonn described byW. vonLegat, 
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and figured in Plate II., Fig. A ; " and according to Mr. 
Horkheimer, who helped Eeis on thla occasion, the trans- 
mitter was provided with a conical mouthpiece of wood. The 
transmitter presented later by Eeis is of the " square-hox " 
form (Fig. 17), and is stamped. " 1863, Philipp Eeis, 2," 
and the receiver is of the " knitting-needle " form {Fig. 23). 
These instrumenta are carefully preserved by the.Hochstift in 
the " Goethehaus," amongst their archives " in everlasting 
remembrance " of the inventor. A few months later, in 1863, 
the Emperor of Austria and the late king Max of Bavaria 
were residing at Frankfurt and visited the " Goethehaiis ; " 
and on this occasion Keis's instruments were shown to these 
distinguished visitors by the Founder and President of the 
Hochstift, Dr. Volger. 

In honour of his brilliant invention Eeis was, shortly 
after his lecture, elected an honorary member of the Freies 
Deutschcs Hochstift] 

[The next document in order is a Eeport by Wilhelm von 
L^at, communicated to the Austro-German Telegraph Union 
(Verein) in 1862, and printed in the * Journal ' of that Society. 
It was reprinted verbatim in Dingler's ' Polytechniscbes 
Journal,' for 1863, voL cbtix. p. 29. This Eeport ia of great 
importance. It is quoted by Graham Bell, in his earliest 
account of his telephone. It was this Eeport, moreover, 
which in 1875 or 1876, in a translated manuscript form, was 
put into Mr. Edison's hands by the then President of the 
Western Union Telegraph Company, and which formed the 
starting-point of Edison's subsequent work,] 

[* Compare ' DU OtKhichte imd EniuiicJctlung da Femtpreehwfseni,' 
a pamphlet iraucd oSicidlj in 1880 !toiD the Imperial German Fost-Ofliee 
in Berlin, p. 6 ] 




[5.] On the Reproduction op Toses in the Electro - 
Galvanic Wat. 

By V. Leqat, Inspector of the Royal Prusaian Telegraphs in 

Cassel. 

[Tranabled from the Journal of the Austfo-Otrman Telugrsph Society 
(edited by IJr. Brix), vol. is. [>. 125, 18()2. (Zeilsclirift <ita deutsch- 
OBterreicliischen Telegraph en- Vu reins, 1862.)] 

It might not be iminteresting to make known to wider 
circles the following ideas concerning the reproduction of 
tonea in an electro-galvanic way, which have recently been 
put forward by Herr Philipp Reias [sic] of Friedrichsdorf, 
before the Physical Society, and before the meetings of the 
Free German Institute (Freiea Deutschea Hochstift) in 
Frankfort-on-the-Main ; also to state what has hitherto been 
attained in the realisation of this project, in order that 
building upon the collected experiences and the efficacy of 
the galvanic current, what has already been made service- 
able to the human intellect for the advancement of its corre- 
spondence, may in this respect also be turned to profit. 

In what is here announced we are concerned not with the 
action of the galvanic current in moving telegrapbie apparatus 
of whatever construction for producing visible signals, but 
with ita application for the production of avdihle signals — of 
iones! 

The air-waves, which by their action within our ears 
awaken in ua the sensation of sound, by first of all setting 
the drum-skin into a vibrating motion, are thence, as ia 
known, conveyed to the inner part of the ear and to the 
auditory nerves lying tliere by a lever apparatus of the 
most marvellous fineness, — the auditory ossicles (including 
'■ Hammer," " Anvil," and " Stirrup "). The experiment for 
the reproduction of tones is based upon the following ; viz. 
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to employ an artificial imitation of this levet-apparattis and 
to set it in motion by the vibrations of a membrane like the 
drum-skin in the ear, and thus to open and close a galvanic 
circuit which is united by a metallic conductor with a distant 
station. 

Before the description of tlie necessary apparatus 13 
followed out, it might be necessary, however, to go back to 
the point how our ear perceives the vibrations of a given 
tone, and the total vibrations of all the tones simultaneously 
acting upon it ; because by this means will be determined 
_ the various requisite conditions which must be fulfilled by 
the transmitting and receiving apparatus for the solution of 
the problem that has been set. 

Let us consider first the processes which take place in 
order that a single tone should be perceived by the human 
ear ; ao shall we find that each tone is Uie result of a condensa- 
tion and rarefaction several times repeated in a certain period 
of time. If this process ia going on in the same medium 
(the air) in which our ear is situated, the membi-ane will at 
every condensation be forced toward the hollow of the drum 
and at every rarefaction will move itself in the opposite 
direction. 

These vibrations necessitate a similar motion of the auditory 
ossicles, and thereby a transference to the auditory nerves is 
effected. 

The greater the condensation of a soujid-conducting medium 
at any given moment, the greater also will be the amplitude 
of vibration of the membrane and of the auditory ossicles 
and of their action ; and in the converse case the action will 
be proportionally less. It is, therefore, the function of the 
organs of hearing to commimicate with fidelity to the auditory 
nerves every condensation and rarefaction occurring in the 
surrounding medium ; whilst it remains to be the function of 
the auditory nerves to bring to our consciousness the number 
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as well as the magnitude of tlie vibrations emuing in a given 
time. 

Here in oar consciouanees a definite name is given to a 
certain composition, and here the vibrations brought to the 
t'onsciouflneas become " tones." 

That which is perceived by our auditory nerves is conse- 
quently the effect upon our consciousness of a force which, 
according to its duration and magnitude, may for tlie sake of 
better comprehension, l>e exhibited graphically. 

Let, for example, the length of the line a h be any definite 
duration of time, and let the curves above this line denote 
the condensations (4- ). and the curves below this line the 



rarefactions ( — ) ; then every ordinate erected at tlie 
extremity of an abacissa gives us the strength of the con- 
densation in consequence of which the drum-skin vibrates, 
at the moment indicated by the position of the foot of the 
ordinate. 

Anything more than that which is exhibited in tliis way 
or by similai' curves our ear cannot in the least perceive, and 
this is sufficient to bring to our consciousness each single 
tone and eacii given combination of tones. For, if several 
tones are produced at the same time, the sound-conducting 
medium is put under the influence of aeveiTil simultaneously 
acting forces which are subject to the laws of mechanics. 

If all the forces operate in the same sense, then the 
magnitude of the motion is proportional to the sum of the 
forces. If the forces act in opposite directions, the magnitude 
of the motion is proportional to the difference between the 
opposing forces. 

Consequently it is possible out of the condensation-curves 
of several aimuJtaneously-oceurring tones to compound, by the 
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foregoing principles, a condensation-curve which exactly 
expresses that wliich our ear experiences on the reception of 
these simultaneously-acting tones. The objection ordinarily 
made to this, that a musician, or even any one, is able to 
hear separately the single tones of which this combined 
curve is built and constructed, cannot be admitted as a proof 
to the contrary ; for one expert in the science of colour will, 
for example, in the same way discern in green a mixture of 
yellow and blue in their various shades : and the one 
phenomenon equally with the other may be referred back 
to this ; that, to the person concerned, the factors which make 
np the product of that which reaches his consciousness are 
well known. 

According tp that which has been already explained, it is 
easy to construct the condensation-curves of various tones, 
chords, &c., and for the sake of clearness some examples 
follow : — 

fig. 1, Plate I.," shows a combination curve of three tones, 
in which all the proportions of the components recur 



Fig. 2 shows such a curve of more than three tones, in 
which the proportions in the drawing can no longer so 

evidently be given ; yet the practised musician would here 
recognise them, even although in practice it might be 
difficult for him to single out, in sucli chords, the separate 
tones. 

This method of exhibiting the action of tones upon the 
human ear offers the advantage of a very clear perception of 
the process ; and that which is exhibited (Fig, 3) shows also 
why a discord must affect our ear unpleasantly. 

This apparent digression from the aim set forth was neces- 
sary in order to indicate that as soon as it is possible for us 
to create anywhere, and in any manner whatever, vibrations 
' [PInte Vlli, of the originttl in Vol. IX. of the Zeiimhrifi.] 



whose curves and mi^nitudes are similar to the vibrations of ■ 
any given tone, or of any given combination of tones, wsl 
shall have the same impression as this original tone or this.fl 
original combination of tones would have produced tipon us. 

The apparatus hereafter described offers the possibility o 
creating these vibrations in every fashion that may he desired^l 
and the employment of electro-galvanism gives us the^^ 
possibility of calling into life, at any given distance, vibra- 
tions similar to the vibrations that have been produced, and 
in this way to reproduce at any place the tones that have 
been originated at another place. 

In Fig. 4, Plate II.," herewith presented, A is the trans- 1 
mitter (Tonabgeber), and B the receiver (Tonempfanger), I 
which two instruments are set up at different stations. Xl 
make, however, the preliminary remark tliat the manner of n 
joining the instruments for interchangeable use backward and 
forward is here omitted for the sake of clearness, and the 
more so because the whole is not here propounded as a final 
fact, but in order to bring that which has been hitherto J 
accomplished to the knowledge of a wider circle, The! 
possibility of the working of the appai'atus to a greater 
distance than that which at present limits in practice the 
direct working of the galvanic current may also be left out 
of consideration, since these points may be easily rendered J 
possible by mechanical precautions, and do not affect thfti 
essential part of the phenomena now described. 

Let us next turn to the transmitter, Fig. A. It is pQtJ 
into communication on one side with the metallic conductoiJ 
lemling to the neighbouring station, and by means of thigJ 
with the receiver. Fig. B ; on the other side it is connecte 
by means of the electro-motive power, C, with the earth OT^ 
a metallic return-conductor. 

The transmitter, Fig. A, consists of a conical tube, n 1>, ofj 
* [Plato IX. of tho oritpnnl Memoir.] 
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about 15 centimeta«3 length, 10 centimetrea in the front, 
and 4 centimetres in the back aperture. 

(In the practical investigations it has been established that 
the choice of material for this tube is without influence on 
the use of the apparatus, and moreover a greater length of 
the same for the certainty [of action] of the apparatus is 
without effect. A greater width of the cylinder spoils the 
usefulness of the apparatus ; and it is recommended that 
the interior surface be as smooth as possible.) 

The narrow hinder aperture of tlie cylinder is closed 
by a membrane, o, of collotlion, and on the middle of the 
oircnlor surface formed by. this membrane rests one end, c, 
of the lever, cd, the fulcrum (point of support), f, of which, 
supported on a bearing, remains joined to the metallic 
conductor- 

The choice of thelength of the two arms of the lever, c e 
and erf, is determined by the laws of force of levers. It is 
recommended that the arm, ce, be constructed longer than 
the arm erf, in order to bring the smallest movement at c 
into action at d with the greatest possible force ; but, on the 
other hand, it is desirable to make the lever itself as light aa 
possible, in order that it may follow the motions of the mem- 
brane. An uncertain following of the lever, c rf, produces 
impure tones at the receiving station. In the condition of 
rest the contact, d g, ia closed, and a delicate spring, n, holds 
the lever firmly in this position of rest. 

The second part of this apparatus, the pillar, /, consists of 
a metallic support, which is united with one pole of the 
battery, C, while the second pole of the battery is carried to 
the metallic conductor of the other station. 

Upon the support, /, there is a spring, j, with a contact, 
which corresponds to the contact at rf of the lever c d, and 
whose position is regulated by a screw, h. 

In order not to weaken the action of the apparatus by the 



commuiu cation of the air-waves which are produced in using 
the apparatus, against the back of the membrane, it is recom- 
mended, in using the apparatus, to place over the tube, a b, 
at right angles to its longitudinal axis, a screen of about 
50 centimetres diameter, which fixes tight upon the outer 
surface of the tube. 

The receiver. Fig. B, consists of an electro-magnet, m m, 
which reposes upon a sounding-box, u w, and whose wire 
coils are respectively connected with the metallic conductor 
and with the earth or metallic return- conductor. 

Opposite the electro-m^net, m m, stands an armature, 
which is connected with a lever, i, which is long as possible, 
but light and broad. 

The lever, i, ia fastened, pendulum-wise, to the support, J, 
and its movements are regulated by the screw, I, and the 
spring, p. 

In order to improve the action of the apparatus, th's 
receiver can be placed in one focus of an elliptically arched 
cavity of corresponding size, in which case, then, the ear of 
him who is listening to the reproduced tones may be placed 
at the second focus of this cavity. 

The action of the two apparatuses liere described, is the 
following : — 

In a condition of rest the galvanic circuit is closed. 

In the apparatus. Fig. A, by speaking (singing, or leading 
into it the tones of an instrument) into the tube a b, in 
consequence of the condensation and rarefaction of the air 
present in this tube, there will be evoked a motion of the 
membrane closing the tube at its narrow end, corresponding 
to this condensation or rarefaction. The lever, c d, follows the 
motion of the membrane, and opens and closes the galvanic 
circuit at d g, so that by each condensation of the air in the 
tube an opening, and at each rarefaction a closing of the 
galvanic circuit ensues. 
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In conseq^uence of this process, the electro-magnet of Fig. B 
(the receiver) will be demagnetised and magnetised correspond- 
ingly with the condensations and rarefactions of the mass of air 
in the tube A, oh [the mouth-piece of the transmitter], and the 
armature belonging to the magnet will be set into vibrations 
similar to those of the membrane in the transmitting 
apparatus. The plank, i, connected with the armature, 
conveys these similar vibrations to the air surrounding the 
apparatus. Fig. B, which finally transmits to the ear of the 
listener tlie tones thus produced. 

We are not, therefore, dealing here with a propagation of 
sound through the electric current, but only with a trans- 
ference to another place of the tones that have been produced, 
by a like cause being brought into play at this second place, 
and a like effect produced. 

Here, however, it must not be overlooked that the pre- 
ceding apparatus reproduces, indeed, the original vibrations 
in equal number, but that equal strength in the reproduced 
vibrations has not yet been attained, and the production of 
these is reserved for a completion of the apparatus. 

One consequence of this temporary incompleteness of the 
apparatus, is that the slighter differences of the original 
vibrations are more difficult to discern : that is to say, the 
vowel appears more or less indistinct, the more so since each 
tone is dependent, not only on the number of vibrations of 
the medium, but also on the condensation or rarefaction of the 
same. 

By this it is also explained, that, in the practical investiga- 
tions heretofore carried ou, chords, melodies, etc., were trans- 
mitted with marvellous fidelity ; while single words uttered 
as in reading, speaking, and the like, were perceptible more 
indistinctly. Nevertheless, here also the inflexions of the 
voice, the modulations of interrogation, exclamation, wonder, 
command, &c., attained distinct expression. 
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There remains no doubt, tliat before expecting a practical 
utiliaation with serviceable results (praktische Verwerthung 
mit Nutzen), that which has been here spoken of will reciuire 
stall considerable improvement, and in particular mechanical 
science must complete the apparatus to be used ; yet I am 
convinced by repeated practical experiments that the prose- 
cution of the subject hero explained is of the highest 
theoretical interest, and that our intelligent century will not 
miss the practical utilisation (Vervi-erthung) of it, 

[This article was also reprinted verbatim in Dingler's 
Polytechnisches Journal, vol clxix. p. 29, 1863.] 



[A peculiar interest is attached to the foregoing article, 
partly on account of the unic[ue nature of the instruments 
therein described, partly because of the mystery attaching to 
the author of the article. Wilhelm von Legat was Inspector 
of the Eoyal Prussian Telegraphs at Cassel. How or when 
he became acquainted with Philipp Reis is not known — pos- 
sibly whilst the latter was performing bis year of military 
service at Cassel in 1855. None of Reis'a intimate friends or 
colleagues now surviving can give any information as to the 
nature of von Legat's relations with Ileis, as not even his 
name is known to them, save irom this Report Yet he 
was for one year only (1862), the year in which this Report 
was made, a member of the Physical Society of Frankfort-on- 
the-Main. It is possible that he may have been present at 
Reis'a discourse in the preceding October. It is probable 
that he was present at Reis's subsequent discourse in May, 
1862, to the Freies Deutaches Hochatift. Dr. Erix, then 
editor of the ' Journal of the Telegraph Union,' informs me 
that Inspector von Legat based hia article upon information 
derived direct from Reis, whom he knew, and that the article 
was aubuiitted to Reis before being committetl to the ' Journal.' 
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Tho particiilar form of transmitter described in von Legat's 

Report (see also p. 25, anU) has also some important points 
in common with that believed to have been used by Reis at 
tho Hoclistift. Neither of the specific forms described by In- 
spector von Legat are now known to be extant. Inquiries 
made in Frankfort and in Cassel have failed to find any trace 
of them. Neither at the local Naturalists' Society, nor any- 
where else in Cassel, did von Legat describe the invention. 
He met with a tragic end during the Bavarian War in 1866, 
in the battle near Aschaffenburg, having, according to some, 
been shot, or, according to others, fallen from his horse.] 

[The next extract is from an article entitled ' Telephonie,' 
which appeared in a journal of science published at Leipzig, 
under the title ' Aus der Natur.* This article is essentially a 
paraphrase of Eeis's memoir read to the Physical Society in 
the preceding December (see p. 50), and contains the same 
illustrations, including a cut of the transmitter identical with 
Fig. 9, p. 20.1 

[6.] Aus DER Natur. (VoL xxL 1862. July-October. 

pp. 470^74.) 

" Until now, however, it was not possible to repi-oduce 
human speech with o. distinetuess sufGcieut for every pei'son. 
Tho consonants are mostly tolerably distinctly reproduced, 
but the vowels not in an equal degrea" 

[About this time there arose a Correspondence in tho 
' Deutsche Industrie Zeitung ' (' German Journal of Industry ') 
concerning the telephone. In No. xvi. p. 184 (1863), a 
correspondent wlio signs himself " K " aaks whether the 
account of the telephone is true ? In No, xviii. p. 208, 
tliere is given a brief answer; and No. xxii. contains, on 



p, 239, an extract from L^at'a Report, on Reis's Telephone 
(see p. 70 of this work), together witli an editorial remark 
to the effect that he had received a letter from Herr J. F. 
Quilling, of Frankfort-on-the-Main, who gives the information 
that in the transmission of singing in the telephone, the 
singer could be recognized by hia voica] 

[7.] [Extract from the Annual Report of the Physical 
Society op Fkankfokt-on-the-Mais (1863).] 

. . . .; "and on the 4th of July, 1863, by Mr. Philipp 
Reis, teacher, of Friedrichsdorf, Ore the Transmission of Tont» 
to any desired Distance, hy tlie help of Electricity, vnth the 
producUon of an Jmprovtd Telephone, and Exhibition of 
Ecperimenia therninth." 

[This was Reis's second occasion of bringing hia Telephone 
before the Physical Society. The instrument had now 
assumed the " square-box " pattern deacribed at p. 27 of this 
work.] 



[8.] 



Letter of Phiupp Keis. 



[In July 1863, Mr. W. Ladd, the well-known instrument- 
maker of London, bought one of Reia's Telephones of Messrs. 
J. W. Albert and Son of Frankfort, Rhilipp Reis wrote to 
Mr. Ladd the foUowiug letter of instructions, having heard 
that Mr. I^dd proposed to exhibit the instrument at the 
approaching meeting of the British Association. The auto- 
graph letter, written in English, is still preserved, and has 
been presented by Mr. Ladd to the Society of Telegraph 
Engineers and of Electricians of London.] 
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" Institut Gamier, 

" Friedrichailorf. 

" Dear Sir ! 

" I am very sony not to Imvu been in Francfort 
when yoii were there at Mr. Albert's, by whom I have beeii 
mfomieii that you have piii'chaaed one of my newly-invented 
instruments (Telephons). Though I will do all in my power 
to give you the moat ample explanations on- the subject, I 
am sure that personal communication would have been 
preferable ; specially^ I was told, that you will show the 
apparatus at your next sientifical meeting and thus introduce 
tlie apparatus in ja\vt country. 

" Tunes * and sounds of any kind are only brought to our 
conception by the condensations and rarefactions of air or 
any other medium in which we may find ourselves. By eveiy 
condensation the tympanum of oiu- ear is pressed inwards, by 
every rarefaction it is pressed outward and thus the tympanum 
performs oscillations like a pendulum. The smaller or greater 
number of the oscillations made in a second gives us by help 
of the small bones in our ear and the a\iditory nerve the idea 
of a higher or lower tune. 

" It was no hard labour, either to irat^ine that any other 
membrane besides that of our ear, cmdd be brought to make 
simQar oscillations, if spanned in a proper manner and if 
taken in good proportions, or to make use of these oscillations 
for the interruption of a galvanic current. 

* [I'liin word, as the context unci ending of ihe pungraph sbowii, shoatd 
have been spelled touts. The letter, written iii English by BeiB hirnwIC 
is wocderrully free from inaccuracieg of ctiraixisLtion ; the slip hi-re noted 
being a most pardonable one since the plural of the German "(on" is 
" toiien," tho very proniincialion of which would account for the cjnfusion 
in the mind of one unaccustomed lo write in English. So far as is known, 
tills it the only pi«e of English oompodtion ever attempted by Reis.— 
S. P. T.] 
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" However tliese were the principles wioh (ak) guided me 
in my invention. They were sufficient to induce me to try 
the reproduction of tunes [i.e., tones — see footnote. — S. P. T.] 
at any distance. It would be long to relate aJ] the fruitless 
attempts, I made, until I found out the proportions of the 
instniinent and the necessary tension of the membrane. The 
apparatus you have bought, is now. what may be found moat 
simple, and works without failling when arranged carefully in 
the following manner. 

" The apparatus consists of two separated parts ; one for 
the singing station A, and the other for the hearing station B." 

" The apparatus A, a square box of wood, the cover of 
which shows the membrane (t) on the outside, under glass. 
In the middle of the latter is fixed a small platina plate to 
which a flattened copper wire is soldered on purpose to 
conduct the galvanic current. Within the cercle you will 
further remark two screws. One of them is terminated by a 
little pit in which you put a little drop of quiksilver ; the 
other is pointed. The angle, which you find lying on the 
membrane, ia to be placed according to the letters, with the 
little whole [hole] {a) on the point («) the little platina foot 
(b) into the quicksilver screw, the other platina foot will then 
come on the platina plate in the middle of the membrane. 

"The galvanic current coming from the battery (which 1 
compose generally of three or four good elements) is introduce<l 
at the conducting screw near (i) wherefrom it proceeds to the 
quicksilver, the movable angle, the platina plate and the com- 
plementary telegraph tot the conducting screw (s). From 

• [Iteia bere sketched a figure ideiitic*! in all iu parts with that which 
a fortuight Inter was issued io his ' ProfpectUB,' His sketch is reproduced 
in fMsiraile in Fig. 28,] 

t [This was tlie little auxiliary signalling apforatus at the side or the 
Imi, placed there for the same rciuons as the auxiliary call-ljcll attached 
to modem telephoaet.} 
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here it goes through the conducter to the other station B 
from there returns to the battery. 

" The apparatus B, a sonorous box on the cover of which 
is placed the wire-spiral with the steel axis, wich will be 
mi^netic when the current goes tlirougli the spiral. A second 
little box is fixed on the first one. and laid down on the steel 
axis to increase the intensity of the reproduced sounds. On 
the small side of the lower box yon will find the correspondent 
part of the complementary telegraph. 

"If a person sing at the station A, in the tube {x) the 
vibrations of air will pass into the box and move the membrane 
above ; thereby the platina foot (r) of the movable angle will 
be lifted up and will thus open the stream at every con- 
densation of air in the box. The stream will be re-established 
at every rarefaction. For tliia manner the steel axis at 
station B will be magnetic once for every full vibration ; and 
as ningnetism never ent«rs nor leaves a metal without dis- 
turbing the equilibrium of the atoms, the steel-axis at station 
B must repeat the vibrations at station A and thus reproduce 
the sounds which caused them. 

"Any* sound will be reproduced, if strong enough to set_ 
the membmne in motion. 

" The little telegraph, which you will find on the side of 
the apparatus is very usefull and agreable for to give signals 
Itetweon both of the correspondents. At every opening of tlie 
stream and next following shutting the station A will hear a 
little clap produced by the attraction of the steel spring. 
Another little clap wiU be heard at station (B) in tlie wire- 
spiral. By multiplying the claps and producing them in 
different measures you will be able as well as I am to get 
understooil by your correspondent. 

" I am to end, Sir, and I hope, that what I said will be 



' [This wonl iH iindcrBcored in UpIs's originol letter.] 
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Bufficient to have a first try ; afterward you will get on quite 
alone. 

" I am, Sir, 

"Tour moat oliediant Servant, 
" Tii, EEia. 
" Friedriclisdorf, 13/7, 63," 

[9.] REi3'a Prospectus. 

[The following " Prospectus " of instructions was drawn up 
by KeiS to accompany the Telephones which were sold by 
Herr Wilh. Albert of Frankfort. The author of this book is 
in possession of original copies, of which a number are extant. 
Tlie " Prospectus " was also reprinted in its enlii-ety at 
page 241 of Professor Pisko's book ' Die neuereu Apparate 
der Akustik,' piiblished at Vienna in 18fi5.] 

TELEPHON. 

Each apparatus consists, as is seen from the above illustra- 
tion, of two parts : the Telephone proper. A, and the Repro- 
duction apparatus [Receiver], C. These two parts are placed 
at such a distance from each otlier, that singing, or the tones 
of a musical instrument, can be heard from one station to the 
other in no way except through the apparatus itself. 

Both parts are connected with each other, and with the 
battery, B, like ordinary telegraphs. The battery must be 
capable of effecting the attraction of the armatui'o of the 
electromagnet placed at the aide of station A (3-4 six-inch 
Bunsen's elements suffice for several hundred feet distance). 

The galvanic current goes then from B to the screw, ei, 
thence through the copper strip to the little platinum plate 
at the middle of the membrane, then through the foot, c, of 
the angular piece to the screw, b, in wkosc little amcavity a 




triads (Dreiklange) a skilled experimentor could with all 
exactness recognise ten). 

As regards the telegraph apparatus placed at the side, it 

is clearly unnecessary for the reproduction of tones, but it 
forms a very agreeable addition for convenient experimenting. 
By means of the aame, it is possible to make oneself 
understood right well and certainly by the other party. Tliis 
takes place somewhat in the following manner: After the 
apparatus has been completely arranged, one convinces one- 
self of the completeness of the connexion and the strength 
of the battery by opening and closing the circuit, whereby 
at A the stroke of the armature is heard, and at C a very 
distinct ticking. 

By rapid alternate opening and closing at A it is asked at 
C whether one is ready for experimenting, whereupon G 
answers in the same manner. 

Simple signals can by agreement be given from both 
stations by opening and closing the circuit one, two, three, 
or four times ; for example : — 

1 beat = Sing. 

2 beats = Speak, &c. 

I telegraph the words thus— that I number the letters of 
the alphabet and then transmit their numbers — 

1 beat = a. 

2 beats = b. 

3 „ = c. 

4 „ = d. 

5 „ = e, &C. 

2 would accordingly be designated by twenty-five beats. 

This number of beats would, however, appear wasteful of 
time, and would be uncertain in counting, wherefore I e 




for every five beaUi a dactyl-beat (DactyluascMag), and thers ] 
results — -^ — for e, 

— •~- -^ and one beat for/, &c. 

which ia more quickly and easily executed and easie 
understand. 

It ia still better if tbe letters are rejireaented by numlmra 
wliicb are in inverse proportion to tlie fit:quen(.'y of their i 
occurrence. 

Phil. Keis, 
Teacher at L. F. Gamier's Institute for LoyN, 
FriedricliBdorf, near Homburg-by-the-Height, 
August 1803. 

[The foregoiny " Prospectus" waa accompanied by a furtlier I 
document printed as a postscript by Keis, at the top of wiiich 
the figure of the instrument was repeated, and which ra 
follows : — ] 

" P. P., 

" Since two years ago I succeeded in effecting tiie 
]«)ssibility of the reproduction of tones by the galvanic 
current, and in setting up a convenient apparatus therefor, 
Uie circumstance haa found such a recognition from the moat 
celebrated men of science, and so many calls to action have 
come to me, that I have since striven to improve my originally 
very incomplete apparatus, so that the experiments might j 
thereby become accessible to others. 

" 1 am now in the position to offer an apparatus which 
fulfils my expectations, and with which each physicist may ' 
succeed in repeating the interesting experiments concerning 
reproduction of tones at distant stations. 

" I believe I shall fulfil the wish of many if I undertake to ' 
bring these improved instruments into the possession of the j 
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[physical] cabineta. Since the preparation of the aame 
requires a complete acquaintance with tbe leading principles 
and a tolerable experience iu this matter, I have decided 
myself to prepare the moat important parts of the aame, and 
to leave tlie faaliioning of the accessory parts, as also of the 
external adornments, to the mechanician. 

" The distribution of the same I have made over to Herr 
J. Wilh. Albert, mechanician, in Frankfort-on-tho-Main, and 
have placed him in the position to deliver these instruments 
in two qualities, differing only in external adornment, at the 
prices of 21 florins and 14 florins (12 thalers and 8 thalers 
current), inclusive of packing, Moreover, the instruments 
can also be obtained direct from me at the same prices, upon 
a cosh remittance of the amount. 

" Eadi apparatus will be tested by me before sending ofl', 
and will then be furnished with mi/ nanu-, an order-numhe}; 
and with the i/eor of manufacture. 

" Fried richsdorf, near Homburg-by-the-Height, " 
" in August 1863. 

" Phil, Eeis, 
" Teacher at L. F. Gamier's Institute for Boys," 

[In September of the same year the telephone was shown 
by Prof. K. Bottger at the meeting of the German Naturalists' 
Association (Natuiforscher), which met on that occasion at 
Stettin, Little or nothing is known of what took place at 
this exhibition, but I'rofessor von Feilitzsch, of the neighbour- 
ing University of Greifswald, has informed the author of 
this work that the Telephone there shown was of the form 
figured in Keis's l^apectus (p. 86), and that Reis claimed at 
that time to be able to transmit words by his instruments. 
In the same autumn the following notice appeared in 
Bottger's ' Notizblatt,' and was copied thence into Dingler's 
' Journal,' and other scientific papers.] 
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[10.] 



On the Improved Telephone. 



[Tianshted frum the original notice wbicli appeared in Bottger's 
Cecbnisdheii Notizblatt,' lt?63. ^'o. 15, p. 2-i5, and in DingleT's 
tedmischea Journal,' 1863, vol. cliii. p. 399.] 

At the meeting of the Physical Society of Frankfort-on- 
the-Main, on the 4tb of July, a member of this Society, Herr 
Ph. Beis, of Friedrichadorf, near Hombui^-vor-der-Hohe, 
exhibited some of his improved Telephones (means for the 
reproduction of tones at any desired distance by the galvanic 
current). It is now two years since Herr Reis first gave 
publicity to his apparatus," and though even already at that 
time the performances of the same in their simple artless 
form were capable of exciting astonishment, yet they had 
then the great defect that experimenting with them was only 
possible to the inventor himself. The instruments exhibited 
in the above-named meeting scarcely reminded one of the 
earlier ones. Herr Reis ha!! also striven to give them a 
form pleasing to the eye, so that they may now occupy a 
worthy place in every Physical Cabinet. These new apparatus 
may now also be handled by every one with facility, and 
work with great certainty. Melodies gently sung at a 
distance of about 300 feet were repeated by the instrument 
which was set up, muoh more distinctly than previously. 
The scale was reproduced especially sharply. The experi- 
raentera could even communicate words to one another, 
though certainly indeed only such as had often been heard 
by them. In order moreover that others who are less 
accustomed [to experimenting] may be able to understand 
cue another through the apparatus, the inventor has placed 
on the side of the same a little arrangement.t which accord- 

* [Compare Biittgcr Polyt. Notizbl, 1863, p. 81, tlie notice tratiHlated 
lit p. Gl preceding.]— S. P. T. 

t [This rather obscure pnsaage rofera to the oitl-key or communicator 
llxol lo tho side of tbc instruments, And which M the inventor Kiplaii 
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ing to his explanation is completely sufficient, the speed of 
communication of which ia indeed not so great as that of 
modem Telegraphs, hut which works quite certainly, and 
requires no special skill on the part of the one experimenting 
with it. 

"We would bring to the notice of gentlemen who are 
professional physicists that the inventor of these interesting 
pieces of apparatus now has them prepared for sale under 
hifl oversight (the important parts he makes himself), and 
the same can be procured from Iiim direct, or through the 
mechanician, Mr. Wilhelm Albert, of Frankfort-on-the-Main, 
at 14 and at 21 florins, in two qualities, differing only in 
externa] adornment. 

[A review, written by Dr. Eober of Berlin, of this and 
other articles relating to the Telephone appeared subsequently 
in the 'Fortschritte der Physik,' 1863, p. 96.] 

[Another consequence of the publicity thus given to the 
Telephone was the appearance of an article on that instru- 
ment, under the title of " Der Musiktelegraph," in a popular 
illustrated weekly family jiaper. ' Die Gartenlaube,' published 
at Leipzig, This article, from the pen, it is believed, of Dr. 
Op(«l of Frankfort, is made up chiefly of slightly altered 
extracts from the previously quoted documents. Tlie form 
of the instrument described is identic^al with that described 
in Reia'a 'Prospectus,' and the figure given in the 'Garten- 
laulje,' No. 51, p. 8(19, is a reprint, apparently from the same 
wood-block of the figure which heads Reis's Prospectus, and 
which is reproduced on p. 86 of tliis work. The only 
passage of further interest ia a brief sentence relating to the 



bis ProspectuH (see p. 87), tobeintonded, like thecall-bi-ll or oommunieHtpr 
of modern telephone*, as a means of xeoding sigonts to the speaker, and 
which, as the PronpectUB sayK, can also be used — as any cnll-bell can — fur 
Iclegraphing words by a pre-arranged codu cif signab.]— S. P. T, 



»2 PHILIPP HEI8, 



(fxhil)itioii of the Telephone at the German Naturalists' 
AHH<5ml)ly at Stettin in 1863, and is as follows: — "] 

[II,] " Now in order also to give to a still wider circle, 
uMpnr.ially to tectlinologists (Fachmannem), the opportunity 
of witiuiHsing witli their own eyesight the efficiency of this 
iipparatuH, — lately, in fact essentially improved, — Professor 
Hc*)t.tK«r of Frankfort-on-the-Main exhibited several experi- 
nioiitit thon'.with at the meeting of the German Naturalists 
(Nuturfoi'Hcher) and Physicians recently held at Stettin, in 
t ho SiH'tioii for Physics ; whidi [experiments] would certainly 
huvo Ikh^u oi'owned with still greater success if the place of 
mooting had lunm in a less noisy neighbourhood, and had 
Ihhmi tilUnl with a somewhat less numerous audience." 

[Tho uoxt oxtn\ot is a brief record from the Beport of a 
scioutitio siHUotv nuH^ting in Giessen, which during the 
Austix^-lVussiiUi war of 1800 had l^ecome disorganised, and 
which in 1807 iniWisihiHl a ixuidonsevi account of its pioceed- 
u\^H l\^r tho i>r\\*x\liuj: year^ Amongst those proceedings 
Wi^A a Uviutx* l\v iho laio lV>fo&sor Buff, at which Beis's 
IVlo^howo Nva^i sl\o\vn» aiid ai which Reis himself is believed 

,IS^' ,Vl\VKVvT VKv^M rUK-TWKlFTH KePOKT OF THE UpPBR- 

UvssuN As3ixv:vw\ >vk NvrvK-vi xNi* IEedioal Sciexcs,' 

x^- .\^ • v^ .-. >\oivix-x :Nr*^\ '^.>t ^e Tones of 
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Exhibition of the Telephone to the Natuhalistb' Asso- 
ciation OF Germany. (Dedtsche Naturforscher Ver- 

9AMMLUNG.) 

[By far the most important of all the public exhibitions 
fpven by Eeis of hia Telephone, was that which took place on 
the 2l3t of September, 1S64, at Giessen, on the occasion' 
of the meeting of the German Nftturalists' Association 
(Versamralnng Deutsche Naturforscher). Here were as- 
semhleii all the leading scientific men of Germany, including 
the following distinguished names, many of whom are still 
living : — Prof. Buff (Giessen). Prof. Poggendorff (Berlin), 
Prof. Bobn (Franl(furt-a.-M., now of Aschaffenbiirg), Prof. 
Jolly (Munich), Dr. Geissler (Bonn), Prof. Weber (Gottingen), 
Prof Pliicker (Bonn), Prof. Quincke (Heidelberg), Prof. 
Dellmann (Kreutznach), Prof, Bottger (Frankfurt-a.-M. and 
Mainz), Prof. Keknle (Bonn), Prof. Gerlaeh (Erlangen), 
Dr. J. Frick (Carleruhe), Dr. F. Kohlrausch (Wiirtzbui^), 
Prof Eeusch (Tubingen), Prof. J, Miiller (Freiburg), Prof. 
Helmholtz (Heidelberg), Prof Melde (Marburg), Prof Kopp 
(Marburg), Prof A. W. Hoffmann (London, now of Berlin), 
Mons. Hofmann (Paris, optician), Hofrath Dr. Stein (Frank- 
furt-a.-M.), Dr. W. Steeg (Hombui^), Mons. Hartnaek (Paris, 
and of Pottsdam), Prof G. Wiedemann (Basel, now of Leipzig). 
K. Albert (Frankfurt-a,-M., mechanician), Dr. Thudichum 
(London), W. Schultze (York, apothecary). Dr. J. Barnard 
Dav-is (Shelton), E. J. Chapman (London, chemist), Dr. L. 
Beck (London, chemist). Prof. Chas. J. Himes (U.S.A., 
eliemist), E. W. Blake (New Haven, U.S.A., student), C. G. 
Wheeler (United States Consul in Niimbcip;), and many 
others. Dr. C. Bohn (now of Aschaffenburg) was Secretory 
of the Association, and also Secretary of the Section of 
Physics. The meetings of this Section were held in the 
Laboratory of Professor Buff. Reis came over from Fried- 
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richsdorf accompanied by his young brother-in-law, Philipp 
Schmidt. A preliminary trial on the morning of that day 
■was not very successful, but at Uie afternoon sitting, when 
communications were made to the Section by Prof. Buff, by 
Reis himself, and by Prof. PoggendorfF, the infttrument was 
shown in action with great suece-sa. Eeis expounded the 
story how he came to think of combining with the electric 
current interruptor a tympanum in imitation of that of the 
human ear, narrating his researches in an unassuming 
manner that won his audience completely to him ; and the 
performance of the instrument was received with great 
applause. Various professors essayed to experiment with 
the instrument, with varying degrees of success according to 
whether their voices suited the instrument or not. Amongst 
these were Prof. Bottger and Prof. Quincke of Heidelberg, 
whose account of the occasion is to be found on p. 112. Dr. 
Bohn, the Secretary of the Section, wrote for the ' Journal ' 
(Tagesblatt), issued daily, the following notice.] 

[13.] Extract from the Repoht of the German Natu- 
ralists' Society, held at Giessen (18C4). 

" Afternoon sitting on 21st September, 1864. 

" I'rof. Buff speaks about the tones of iron and steel rods 
when magnetised, and exhibits the corresponding experiments. 

" Dr. Eeis demonstrates his Telephone, gives thereupon an 
explanation and the history of this instrument. 

" Prof. Poggendorff produces tones in a metal cyhnder, 
the slit up edges of which touch one another firmly, and 
which is placed loosely round an induction-bobbin through 
wliich there goes an interrupted current." 

[This occasion was the crowning point of Philipp Reis's 
career, and might have proved of even greater importance 
but for two causes : the inventor's precarious health, and the 
indifference with which the commercial world of Germany 
viewed this great invention. Where the keen insight of Reis 
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contemplated the vast possibilities opened out by the invention 
of a new mode of inter-communication, others aaw only an 
ingenious philosophical toy, or at beat a pleasing illustration 
of certain known principles of acoustic and electric science. 
And in spite of the momentary enthusiasm which the 
exhibition of the Telephone had evoked, the interest in it 
dwindled away. A few of the public journals of that date, 
noticed the invention in eulogistic terms and spoke of the 
prospect it afforded of communication between distant friends 
and of simultaneous concerts being given in different towns, 
all transmitted telephouicaJIy from one orchestra. But the 
invention came too early. The public mind was not yet 
prepared to take it up, and the enthusiasm died away. Still 
in a few of the more important books on Physics, Acoustics, 
and Electricity, the matter continued to receive attention. In 
the well-known MilUer-Pouillet's ' Textbook of Physics ' 
(Lehrbuch der Physik) edited by Professor J. Midler ; in tlie 
' Technical Physics ' of Hessler, of Vienna, edited by Pro- 
fessor Pisko ; in Pisko's ' Hecent Apparatus of Acoustics,' 
and particularly in Kuhn's admirable ' Handbook of Applieil 
Electricity,' the Telephone was accepted as a definite conquest 
of science, and was described and figured. From the works 
named we transcribe the extracts which follow, and which 

B sufficiently explain tliemselves.] 
[14.] Extract from MtJLLEH-PouiLLET's ' Textbook of 
Physios and Meteokology ' (Lehrbuch der Physik 
L'Nn Meteorologie). 

[Published at Brunswick, Sixth ed., 1863, vol. ii. pt^e 352, 
fig. 325; and Seventh ed., 1868, vol. ii. pages 386-388, 
\gs. 348-350. The following translation is from the latter 
idition.] 

"This tone. . . . has Keis used for the construction of his 
'elephone. 
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" Figure 348 • exhibits Reia's interrupting apparatus. In i 
the lid of a hollow cube of wood A, a circular opening is made, 1 
which is closed by an elastic membrane (pig's lesser intestine) 
strained over it. Upon the centre of this membrane is glued I 
a little plate of platinum, which stands in conductive c 
munication with the clamping-screw a by means of a quite I 
thin little strip of metal / (distinctly visible in Fig. 349) 1 
[Fig. 31]. 

" Upon the middle of the little platinum plate, rests a short \ 
little platinum pencil, which is fastened at ^ to the under- 
side of the strip of tin-plate h g i, one end of which, h, rests 
upon the little metal pillar /, while a little platinum spike 
fastened upon its under-side at i, dips into the hollow of the ' 
little metal pillar k, containing some quicksilver. The clamp- 
ing-screw b, is put into conductive communication with the ' 
little metal pillar k. 

" From one pole of the battery there goes a conducting- 
wire to the clamping-screw a of the interrupting apparatus 
Fig. 348 [Fig. 30], from the other pole of the same there 
goes a wire to the clamping-screw d of the reproducing 
apparatus, Fig. 350 [Fig, 32], which is to Iw presently 
described. The olamping-acrew c, of this apparatus, is con- 
nected by a wire with 6, Fig. 348 [Fig. 30]. The clamping- 
screws c and d are connected with the ends of the wire of the 
small magnetising spiral M, Fig. 350 [Fig. 32] ; with the c 
nexion described above, the current of the current^generator 
(batte.ry) goes, therefore, through the spiral M. 

" As aoon now as the- sound-waves of an adequately ■ 
powerful tone enter through the mouth-piece S into the 
hollow cube A, the elastic membrane which closes this at the i 
top is set into vibrations. Ejich wave of condensation on 
entering lifts the little platinum plate together with the 
little spike which sits upon it ; but if the membrane swinge 
- [I'-is- W'-rii.iBix^k.] 
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ioirawards, the tin-piece h g i, with the little spike at i, 
sannot follow it quick enough ; there therefore occurs here, 
tt each vibration of the membrane, an interruption of the 
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current which leta itself be recognised liy^ ti little spark 
appearing at the place of interruption. 

" Now in tlie spiral M ia stuck a knitting-neetlle, which, aS' 
the figure shows, is fastened into a sounding-board. A lid 
provided with second sounding-board may be clapped over 
the spiral, and tlie tone be thereby greatly strengthened. 

" If now, tones are produced before the mouth-piece S, 
whilst one eings into the same or whilst one blows organ- 
pipes, one at once hears at the reproducing apparatus a 
peculiar creaking noise which is independent of the pitch of 
the tones produced at the interrupting apparatus, bttt, besidt 
this, those tones are themselves reproduced hy (he steel wire di*- 
timtlT/ perceptibly, and indeed Reis found that this is the case 
for all tones between F and /. 

"In Eeis'a experiments the interruptbg apparatus waa 
300 feet distant from the spu'ol, and waa indeed set up in 
another house with closed doors, But since the length of tha 
conducting wire can be extended just as far as in direct 
telegraphy, Reis gave to his apparatus the name Telephone 
(Jahresbericht des physikalischen Vereins zu Frankfurt-a.-M. 
fur 1860/61)." 

[15.] Extract from Pisko's ' Die Neueren Apparate der 
Akpstik.' 

fThia book, ' Tlie mora recent Apparatus of Acoustics,' by 
Dr. Francis Joseph I'isko, Professor of Physics in the Gewer- 
beschule in Vienna, was published at Vienna in 1805. At 
that time the novelties in acoustics were Konig's apparatus 
for the graphic study of sounds, Konig's manometric ilames, 
Schaffgotsch's singing flames, Helmholtz's ' Researches 
on the Quality of Sounds,' Duhamel's Vibrograph, Scott 
and KBnig's Phonaut<^raph, and Reis'a Telephone. The 
account given of the latter is more detailed in some respects 
than any other pnblislirdat the time] 
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Page 94. — Principle of the " Telephon " of Beis. 
51. (a) Allied to the Membrane Phonautograph ia the 
" Telephon" of Reis* (Fig. 33). Upon the little membrane. 
Ml m, in the middle, is fastened with adhesive wax the round 
end s of a light strip of platinum, n s, bo that the platinum 
strip can join in with all tlie vibrations of the membrane. 
Very near to the central end, s. of the little platinum atrip, 
ns,a. platinum spike stands, in such a way that it is brought 
into contact, by the vibrations of the membrane, vfith the 
platinum strip that vibrates with the latter. Suppose now 
that the outer end, n, of the platinum strip and the platinum 
spike are connected with the poles of a galvanic battery, then, 
by the vibration of tlie membrane the galvanic current will, 
according to the phase of the vibration, be alternately esta- 
blished and interrupted. Inserted in this circuit, an electro- 
magnetic beU, or an electro-magnetic telegraph, will give 
signals to great distances that somebody ia speaking ; f though, 
obviously, it cannot inform ivhat is being spoken. 

• [Jfe/BTwuM*.] Telepltiya von Seti im Jahresbericht 6es pliysikaliBchon 
Vereina za Frank for t-iiL.-M. fur 1880-1861, pag. 67 bis 64. Jfu/fcr- 
PaailUI, Pbytiik, 1863, 6. Auflage, U pag. 352, Fig. 325. Berl. Bvr. liir 
1861, ivii. ]iag. 171 bU 173. Der Muaik telegraph in der " Qartenlaube " 
1863, Nr. 51, pug. 807 bia 909, Aus der NatQr 1862, ui. pag. 470 bia 
484; Edni^a Catalog, 1865, pt^. 5. 

t [This pact of the apparatiia is in fact a "call," serving precisely the 
N&tnu functiou as the cftll-betl attached to ordinary telephones, by which 
ibe subacriber can be "called up" to listeo to the inBtmment. It ia not 
without imporlanOB to observe that this function was perftctly well-known 
at the time ; for it was gravely argued during a former telephone law-suit 
in England that the presence of this "signal-call" at the aide of the Keis 
IVanamitter was a proof that it was inUnded to transmit singing only 
and not speech, or "else tlicre would not have been that little Morse- 
instrumont at the side by which to talk " ! This suggestion is, however, 
self-eridently absurd, because if this had been the case the little electro- 
magnetic Morse telegraph would have been fixed, not on the side of Ihe 
trausmitter but on that of the receiver. Reis himself explains the use of 
the " call " C"ee p. 87) in bia " Prospectus."] —S. F. T. 
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(b.) Aa i3 known, an iron wire around which flow rapidly- 
interrupted powerful galvanic currents, is thereby thrown 
into tones which, according to circumstances, may be longi- 




tudinal or transverse or both together. Such an iron vnre, 
lying in a multiplying wire-coil, G, ReiB inserted at the second 
[receiving] station, C. The wire emitted sounds when tlie 



INVENTOR OF THE TELEPHONE. 



101 



membrane waa set into vibrations by singing or speaking 
(at S, Fig. 33) into the boUow cubical piece A. In the inves- 
tigations made by rae with the telephone, the rod (of iron) 
never altered the pitcli of ita tone with the most different 
kinds of tones and clangs, and always gave only the rhj-thm 
of the words sung or spoken into the piece A (the trans- 
mitter) at S. Usually the air of the song that was sung could 
be recognised by its rhythm.* The special researches on 
these points follow in paragraph 53. However, it is ao far 
clear that there is still plenty of time yet before we have the 
aivadtaiteotts concerts, and the transmission of singing to 
different towns, as the daily newspapers have sanguinely 
expected, The apparatus of Eeia ia certainly a " Telephone " 
but not a " Phonic Telegraph." The single means of trans- 
mission for song and speech — and that only for moderate 
distances — remains the old familiar speaking-tube. Never- 
theless, the experiment of Reis must ever be reckoned 
amongst the most beautiful and interesting of school-experi- 
ments. And since the means for this are so simple, the 
apparatus of Reis will certainly find a speedy entrance into 
educational establishments that are only moderately endowed. 
It ia easily proved that the tones of the wire in the telephone 
do not arise from acoustic conduction, for by cutting out the 
coU from the circuit the tones immediately cease. 

1. The Telephone of Reis originally consisted of a cube of 
wood with a conical boring. The smaller opening was strained 
over with a membrane. A knitting-nt-edlo which served for a 
sounding wire projected about 2 inches on each side of the 
multiplying coil, and lay upon the two bridges of a sotiTiding- 
box. The Hurroiioding helix consisted of six laycre of thin 
wire. Fig. 33 shows the Telephone as it is constructed at the 

• [Prtife*aar Pisko seema to have got hold of an unusually unfortnnnte 
Bjiecimea at the ioBtrumeat if he coulil make it neither speak nor 8)0°:. 
His transmitter must have been in exoeedingty bad ooiiditioa tu fail so 
completely.] 



present time by the mecKaniciau, Albert, in Frankfort, and b^ i 
the mechanician, Hauck, in Vienna, according to the tlirecliims ] 
of the inventor. 



[52.] Details about the Telephone. 

(it.) The same (Fig, 33) consista in its essentials : 

1. Of a transmitter, A ; 

2. Of a receiver, C; 

3. Of a galvanic battery, B, and lastly, 

4. Of the conducting wires that connect tliem. 

(6.) The transmitter. A, is essentially a parallelepipedal 
body of wood, The upper part, u x, of it is cut out of one 
piece [of wood] with square croaa-seotion, the side, xx, of 
which measures 9 centimetres, and its height, w x,'i'Q cen- 
timetres. 

This part, is moveable upon a hinge on the lower little box, 
A A. If the cover, xu, is laid back, one sees that a small 
circle of 3*9 centimetres diameter has been cut out in the 
same. Into this hole passes a brass collar with a flange 
8 millimetres broad, which is furnished at one side with a 
groove like a pulley. Over the collar there is stretched the 
membrane, mm, by means of a silk tliread lying in the 
shoulder of the same. This circidar membrane is surrounded 
by a wider circular aperture, J 6, = 8 ' 5 centimetres. A shovel- 
shaped little strip of platinum, iis, lies (over it) leading to 
the brass binding-screw, d, with the circular part, s, falling 
upon the centre of the membrane. 

By means of some sealiug-wax this circular part is fastened 
to the membrane, and thereby compelled to take part in the 
vibrations of the same. The further transmission of the 
galvanic current from the centre tiikes place by means of a 
platinum or steel point resting in a cup of meruury, which is 
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extended in a screw, which traosmita the current farther. 
The point a serves as a support for the angular hook, asb, 
which in general is supported like a tripod, in order that the 
point of contact, s, may remain as constant aa possible. The 
hook, a s J, is simply struck with a bole at a upon a project- 
ing point, and lies upon a broader under part From h the 
galvanic circuit proceeds by means of an overapun wire to the 
braas key e (A, Fig. 3a), and from there farther in the 
direction represented by the arrow. 

The lower part A A of the transmitter is put together of 
thin wood and forms a parallelepiped, whose height = 6 ■ 8 cm,, 
and whose width = 7*7 cm, An inclined mouthpiece of 
tin with funnel-shaped opening serves to receive the tones. 
The longer side of this mouthpiece measures 6'7 cm., the 
shorter 4 ■ 7 cm. ; the longer diameter of the widening measures 
7"15 cm., the shorter diameter 7'5 cm., and finally the 
diameter of the narrow tube 3" 9 cm. 

It is clear that, if necessary, the platinum strip can be 
replaced by a strip of thin hhoct-brosB, the platinum or eteel 
points by iron. Only in this case the points of contact must bo 
ofteuer cleaned to a metallic jmlish. 

(c.) The receiver (Zeichengeber) C is in general a double 
resonant box, whose upper part, " the cover," is moveable 
upon two hinges, and can he laid back. The length of this 
cover is 16*4 cm., its width 9*5 cm., and its height 3-2 cm. 
The length of the lower box measures 22 • 9 cm., its width 
9*6 cm., and itfi height 2 -5 cm. The under part of the 
resonant box bears two wooden bridges, which stand about 
7-4 cm. from each other, and which serves as supports for 
the 21 -5 cm. long, and 0*9 cm. thick iron needle destined for 
reproducing the tones. The length of spiral wound over the 
needle, and designed for making an electro-magnet of the 
same, is 15 cm. The wooden covers of both parts, scraped 



03 thin as posaiblo, and the greatest breadth of the circular 
holea shown in the figure, measures 13 mm. 

((f.) For a battery one can successfully use a small Smee's 
consisting of four elements, or two larger Bunsen's cells. 

The conductor must be at least sufficiently long that one j 
cannot perceive the tones that are produced. For corre- 1 
spondence between the two stations the inventor has employed ] 
the electro-magnetic telegraph arrangement, evg h. seen 
the mechanism, and easily understood. An agreement ia 
reference to corresponding signs can be easily arranged, and 
the simplest way is to accept the signals arranged by the 
inventor. (See ' Prospectus.') 

The receiver C gives, when the key c ia pressed, the cor- j 
responding telegraphic signals by means of tones in the rod I 
E E, while at the ti'ansniitter. A, the electro-magnet v gives i 
the signals by means of the springy armature z. 

[53.] Experiments with the Telephone. 

(a.) As soon as one brings the mouth to the funnel S and I 
sings, the membrane of the transmitter. A, vibrates in a I 
corresponding manner, and the iron rod, E E, at the second 1 
station begins to give forth a tone. Every time a spark is j 
seen at the first station s, the rod at the other station 
certainly gives forth a tone. The same is true when one 
hears the peculiarly snarling tone which arises from the j 
stroke of the vibrating platinum strip against the spike of ] 
angular hook resting upon it. 

The appearance of these sparks or of the peculiar snarling j 
at the transmitter A gives the sign to the observers at the ] 
station A that the rod in C is giving a tone. Tones and I 
melodies which were sung into the sound aperture, and ' 
especially sounds in which the teeth and bones of the hi 
also vibrated (so-called humming tones), always evoked 
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a tone in the rod or needle E E, and indeed, as already 
mentioned (§ 51), without change in the pitch, but only 
with the reproduction of the rhythm of the respective aong 
or words. 

The pitch of the tone excited at C in the rod E E was in 
the apparatus at my disposal h ; its strength not very great 
and its clang snarly, similar to that of a lightly sounding 
reed-whistle, somewhat like that of a child's wooden trumpet. 
The cuticle lying about the heart of the smaller and even the 
latter mammals (from calves, &c.) makes the best membranes. 
Goldbeater's-skins reproduce only the deeper tones. The 
cover of the sounding-box appeared in my apparatus 
superfluous, and indeed the tone was somewhat stroller 
without the cover. 

1. In experimenta with tho telephone, one must look closely 
OB to whether the ends of tho platinum strip is still fastened to 
the membrane, and one must, if necessary, press upon the 
membrane. If the strip will no longer stick, heat a knife-blade, 
touch a small piece of sealing wax with it, and carry thus 
the melted sealing-wax to the under eide of tho round end 
of the platinnm'Strip, n a. Then press it immediately on the 
membrane, m m. 

Pb. ReJB showed his apparatus in very primitive form fur tlie first 
time in October, 1861, to the Physical Society at Frank forl-on-the-Mai n ; 
on July 4tii, 1863, before the same soaiety, he ehowed the form represented 
in Fig. 33. This time he experimented upoo s distance of 30Cl feet. Pro- 
fessor Boettger brought the appnratna before tho Naturforscher-Versamm- 
lung Ht Stettin (1863) in the section for Physics. 



[16.] Hessler's 'Text-book ok Technical Physics," 
vol. i. p. 648. 
[Next in chronological order comes a notice of the 
Telephone in Hessler's ' Lehrbuch der technischen Physik,' 
edited by Prof. Pisko, and published at Vienna in 1866. The 
brief account given in this work adds nothing to the accounts 
previously given, and is evidently written by some person 
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ignorant of Reis'a own work, for beside omitting all mentiou 
of the transmisBion of speech by the inatrument, or of 
being conBtmcted upon the model of the human ear, the 
writer appears not even to know how to spell lieia's nan 
and speaks of him aa " Eeoss."] 



[17.] Kdhk's 'Handbook of Applied Electricity,' 

(■ J£andbuch der Angewandten Elektricitatalehre,' von Carl 
Kulin), being vol. xx, of Karsten's ' Universal Encyclopssdia of 
Physics ' (Karsten's ' AJJgemeine Encyelopadie der Pliysik '). 
[Karsten's ' Encyclopjedia of Physics,' which has been for 
many years a standard work of reference, both in Germany , 
and in this country, consists of a number of volumes, each of 
which is a complete treatise, written by the very highest 
authorities in Germany. Thus Helmholtz contributed the 
volume on Physiological Optics, Lamont that on Terrestrial 
Magnetism, whilst the names of Dr. Brix, Professor voa 
Feilitzach, and others, are included amongst the authors. 
Carl Kuhn, who wrote vol. xx., waa Professor in the Koyal 
Lyceum of Munich, and member of the Munich Academy. ' 
Kuhn's volume on ' Applied Electricity,' published in 1866, 

" This error has been copied bj Couut du Moucel, alung with the other 
ilefects of the article, into the fifth volume of his ' ApplicatiooB of Elec- 
tricity,' published in 18T6. It U rather amtieing dow to rend, at p. lOG, 
of Du Muncel'a treatiae that " Heisier " (sic) " pretends " tlial the Uilephone 
of" ReuBS," which "apjieaiB" to have heea invented "anlirior to the year 
1866," was capable of traQsmitting tocbI melodies ! Count du Moncel, 
though he has since posed aa an authority on the telephone, did not in 
18T8 shine in that capacity, for on the very same page of the Count's book 
may be found the following OBtoudding sentiment: — "If il m trtK, as Sir 
W. Thomson bas assured ua, thai at the Philadelphia Exhibition 0/ 1876 
there lau a telegraphic si/eletn transmitting imrdti, we uay recognise," &c 
Count du Moncel has since found out th«t it is true that there was a 
Telephone in Fbiladelpfaia in 1876: perhaps he will next discover that 
" Roims " did, " anterior to the year 1866," actually " appear " m> transmit 
not only what "'Huislur" " pR'tcoJs" he did, but that he also ttnnsmitU:d 
B|)okcn worita. — S. 1'. T. 
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is to be foimd on the shelves of almost every library of any 

pretensions in Great Britain. The account given therein of 
Reis's Telephone is interesting, because it describes two 
forms, both of transmitter and of receiver. In fact the 
descriptions and figures are taken almost directly from von 
Legate Eeport (p. 70), Eind from Reis's Prospectus (p. 87). 
The extract translated below includes all the matter that is 
of importance.] 

P. 1017. The researches established by Reis on the 26th 
of October, 1861, in Frankfurt" have already shown that 
if the current interruptions follow one another almost con- 
tinuously and very rapidly, in a spiral arranged with a thin 
iron core, the iron wire can be set into longitudinal vibra- 
tions, whereby therefore the same is constrained to reproduce 
tones of different pitch. 

[Here follows a reference to Petrina's Klectric Harmonica.] 
* ■ • • 

From the communications made known by Legat, it 
followa that " the ideas concerning the reproduction of tones 
by means of electro-galvanism which were put forward some 
time since by Philipp Reis of Friedrichsdorf, before the 
Physical Society, and the meeting of the Free German 
Institute in Fi'ankfort-on-the-Main," relate to similar arrange- 
ments. " What has hitherto been attained in the realisation 
of this project," Legat announces in his report, and we 
extract therefrom only that part whicli gives an explanation 
of the disposition of the telegraphic apparatus, with which it 
is said to bo possible to produce the vibrations and the 
excitement of tones in any desired manner, and by which 
the employment of clectro-galvaniam is said to make it 

* Ueber Fartpflanziing dcr Tone nuf wilkiihrllcii wcile Eotfernuugen, 
niit HUlfodcr Elektricilat (Tulephonie). Polyt. Joum. clsviii. 185; hub 
Battger'g Nolirtl. 16S3, Nr. tt. [ike imnBlaliun on iii;;c 61.] 
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possible " to call into life at any given distance vibrationa 
similar to the vibrationa that have been produced, and in this 
way to reproduce at any place the tones that have been 
originated at another place." 

This apparatus consists of the tone-indicator (transmetteur) 
and the tone-receiver (r^cepteur). The tone-indicator 
(Fig. 34, p. 1 09) consists of a conical tube, a h, having a 
length of about 15 cm., a front aperture of about 10 cm., ' 
and a back aperture of about 4 cm,, the choice of the 
material and the greater length of which is said to be in- 
different, whUo a greater width is said to be injurious ; the 
surface of the inner wall shoidd be as smooth as possible. 
The narrow back aperture of the tube is closed by a 
membrane, o, of collodion, and upon the centre of the circular 
surface formed by this membrane rests the one end, c, of the 
lever, c d, the supporting-point of which, e, being held by 
a support, remains in connection with the metallic circuit. 
This lever, the arm, c c, of which must be considerably 
longer than c d, should be as light as possible, so that it 
can easily follow the movements of the membrane, because 
an uncertain following of the lever, c d, will produce 
impure tones at the receiving station. During the state of 
rest the contact, d g, is closed, and a weak spring, n, keeps 
the lever in this state of rest. Upon the metallic support,/, 
which is in connection with one pole of tlie batterj-, there ifl 
a spring, g, with a contact corresponding to the contact of the 
lever, c d, at d, the position of which is regulated by means of 
the screw, h. In order that the effect of the apparatus may 
not be weakened by the produced waves of air communica^ 
ing themselves towards the back part, a disc " of about 
50 (?) cm. diameter, wiiicb rests fixedly upon the extents 
wall of the tube," is to be placed above the tube, a I, at rig] 
angles with its longitudinal axis. 

The tone-receiver consists of an electro-magnet, wi vi, whicbci 
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rcata upon a resounding-board, u w, and the smrounding coils I 
of which are connected with the metallic circuit and the i 
oarlh, 0pi»08ite tit the electro-magnet there stands an j 
armature, which is connected with a lever, t, as long aa j 
poHHible hut light and Viroad, and which lever together with J 
the amiatiiro, is fastened like a pendulum to the support k; \ 
its movements are regulated by the screw / and the spring q. 
" In order to increase the effect of the apparatus, this tone- I 
receiver may be placetl in the one focua of an elliptically 
hollowed cavity of sufficient size, while the ear of the person 
who listens to tlie reproduced sounds ought to be placed at 
the 8ocoud focua of the cavity." The action of the two | 
Rpjumitus, the general manner of connection of which may be 
seen from the illustrations — at the one station being the \ 
tone-indicatur, at the other the tone-receiver — is the follow- 
ing: — By speaking into, singing, or conducting the tones of 
«n instrument into the lube, a b, tliere is produced in the 
tone-indioator (Fig. 34) in consequence of the condensation 
and ntrefactjon of the unclosed column of air, a motion of the 
membrane, r, correeponding to these change. The lever, e d, 
ftdlows the utovements of tl>e membrane, and opens or closes 
the cirruit accoi^ing as th<ae occurs a condensatJon or ntie- 
iaction of the cndueod air. In cmiseqaence of tbese actions, 
(be deetro-magBet, m m (fig. 13). is oorrespoadin^y dem^ 
Betbed or magoetiMd. and tbe armatoie (and the arnkatnie- 
tonr) bakngag to it is set ioto vibntkms Bimilar to 
IfaoM of tbe BwmlaBne of th« transmittiBg appantna. Bj 
mnum tt tb« hver, i, eouiecCed with tbe anaabm, tbe 
■i—aW* Tibnktais an tzaBsnitted to tbe aninMmdiiig air; 
tad IhiM aottada tbas [Ko du oe d finaltj' leadi tbe ear of tbe 
Ummt (Ibe amnriiig-boari iaeramag tbe eflbctX Aa 
Kganis tbe aflb eti Teneas of this appaiatns. tbe author 
mimt I tbtt vbOe tbe soukr number v{ tbe pmdnoed 
vibcatkiBS is i^prodaced by ibe leoerrar, ibor onpnal 
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strength has not yet been obtained by it For this reason 
also small difTerences of vibration are difficult to hear, and 
during the practical experiments hitherto made, chords, 
melodies, &c., could be, it is true, transmitted with asto- 
nishing (?) fidelity, while single words in reading, speaking, 
&c, were less distinctly perceived. 

• • • • 

[The rest of the article deals with the "square-bos" traiisniitter 
described in Beia's PnMpeatns,and adds Dothingto the infonnation atiendf 
published.] 

[This is the last of the contemporary documents bearing 
upon the performance of Reis's instruments. From the 
pronunent notice obtained at the time by the inventor, it ia 
clear that his invention was even then accorded an honour-' 
able place amongst the acknowledged conq^uests of science. 
A critical examination of this body of evidence proves not 
only the substantial nature of Keis's clEiim, but that the 
claim was openly recognised and allowed by the best autho- 
rities of the tima The thing was not done in a comer.] 
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CHAPTER V. 

TESTIMONY OF CONTEMPORARY WmiESSES. 



1. Professor G. Quiacke. 

2. Professor C. Dohc, 

3. Herr L&jn Garnier. 

4. (ilrDest Horkheimer, Esq. 

5. Dr. R. Messe!. F.C.8. 



6. Herr Heiaricli Holt. 

7. Herr Heinrich F. Peter. 

8. Mr. Stephen M. Yeat«s. 

9. Dr. William Frazer. 



1 G. Quincke, 

Pro/eww o/ Fkytie* in the VnivertiUj of Beidelherg. 

[Professor Quincke, whose name ie so well known in conDection with 
his researches in molecular phjsics and in many problems of the highest 
interest to those ocquiuntcd with electrical science, was one of those 
present at the Naturforscher Varaammlung held at Giessen in 1864, where 
Reis'a Telephone was puhlicly eihihiled hy its inventor, see page 93, 
ante. Uls testimony, coming from so high authority, is theroforo of 
exceptional value,] 

" Dear Sir, 

" I was present at the Assembly of the German Na- 
turaliata' Association (Naturforscher Versammlung) held in 
the year 1864 in Giessen, when Mr. Philipp Reia, at that 
time teacher in the Garnier Institute at Friedrichadorf, near 
Frankfort-on-the-Main, showed and explained to the assembly 
the Telephone which he had invented. 

" I witnessed the performance of the instrumenta, and, with 
the assistance of the late Professor Bottger, heard them for 
myself. 

" The apparatus used consisted of two parts — a transmitter 
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and B receiver. The transmitter was a box, one side of which 
was furnished with a tube into which the speaking was to 
be done. At tlie top or the side of the box there was a cir- 
cular opening, covered by a tympanum of membrane, upon 
which was fastened a piece of platinum. This piece of 
platinum was in communication with one pole of the galvanic 
battery. Over the membrane, resting upon the platinum, and 
in contact with it, was a piece of metal furnished with a 
platinum point, also in connection with one polo of the 
battery, 

" The receiver consisted of a common knitting needle of 
steel, surrounded by a magnetising coil of insulated wire, which 
also formed a part of the circuit, the whole testing on a 
resonant box. 

" I listened at the latter part of the apparatus, and heard 
distinctly both singing and talking. I distinctly remember 
having heard the words of tlie German poem, ' Aeh I du lieber 
Augustin, AUes iat hia I ' " &c. 

" The members of the Association were astonished and 
delight-ed, and heartily congratulated Mr. Reis upon the 
success of his researches in Telephony. 

(Signed) " Db. G. Quincke, Professor. 

"Heidelberg, 10th March, 1883. " 



Professok C. Bodn. 
[Professor C. Bohp, of Aachaffeuburg, wub formerly Secretary to the 
Oermaa " Naturfomclicr " Association, wits sIko Secretary to the PhysicBl 
Bwtioa of this Society (vide p. 03). Id that capacity he had every 
opportunity of kaowiag what was going on in Hcicnce ; boDco the following 
(tnvQslaled) letWr. addressed lo the author of this book, is of peculiar 

'■ Most esteemed Sir, 
" I willingly answer, as well as 1 am able to do so, the 
questions put by you. In order to explain that my recollec- 




tdouB may not have all the sharpness that might be 'wished, I 
I make the following prefatory statement. I have, abont 
1863, held numerous conferences with Mr. Eeis and with my 
deceased coUeague, Professor H. Buff, of Giessen, and on 
these occasions have argued the question how it is that the 
transmission of thoughts to a distance by the sensation of 
the ear has a distinctly less value than tionsraission by that 
which is written. . . . 

" And now to your questions. I was not at Stettin in 1863. 
At the experiments at Giessen in the Naturforscher Assembly 
on 2l3t September, 18G-i, I was present ; the short notice about 
them in the journal (' Tagesblatt ') is from my pen. I was 
Secretary of the Assembly and of the Physical Section. I 
remember, however, almost absolutely nothing about thcM i 
experiments. But I remember well that preeiaudtj — therefore j 
probably as early as 1863 — having jointly made the experi- 
ments with Eeia's telephone in Buff's house in Giessen. , . . 
I have myself, as speaker and as hearer, at least twice, in the I 
presence of Reis, made the experiments. 

" It was known to me {in 1863-64) that Reis intended to 
transmit words, and certainly spoken words as well aa those 
sung. My interest in the matter was, however, a purely 
scientific one, not directed to the application as a means of j 
profit. 

" With great attention the sense of the words was nnderstood. ] 
I have understood such myself, without knowing previonsly j 
what would be the nature of tlie communication through tlia ] 
telephone. Words sung, especially well accentuated and ' 
peculiarly intoned, were somewhat better (or rather less 
incompletely) understood than those spoken in the ordinary 
manner. There was indeed a boy (son of Privy-Councillor 
Ihering, now of Gottingen, then of Giessen), who was known 
as specially accomplished as a speaker. He had a rather 
harsh Xortb-German dialect, and after the first experimi 
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hit OE the right way to speak best, eBsentiaJ for iiuderatand- 
ing. I myself did not understand Professor Buff through the 
telephone. Wliether the speaker could be recognized by hii 
voice I doubt. We knew beforehand each time who speaks. 
Yet I remember that a girl could be distinguished from 
that boy by the Toioe. 

" The ear was at times laid upon the box of the apparatus, 
also upon the table which supported the telephone. Then it 
was attempted to he.ir at a distance, with the ear in the air ; in 
this respect, when singing, with good result. At times the 
lid waa taken off, or the same was connected more or less 
tightly or loosely with the lower part. The result of these 
changes I can no longer give with difltinctnesa. . . . 

" Should you desire further information, I am ready to give 
you it according to my best knowledge. 

" Hochachtungsvoll ergebenster, 

"Dr. C. Bohn. 

" Aschaffenburg, 

" IQih Septemhcr, 1882." 



Lfios Garmer. 
[Herr L£on Oaraier, rroprietor aocl Principal of the Oarniui' Inetituto al 
Friedrichsdorr, is ttio son of the late Bur^master Gamier, who founded 
the osbibliahment, and who, aa {ireviously narrated, encoumged Pbilipp 
Eeia JQ bia work and offered hitu the poet of teacher of Natural Science. 
Eerr L£an Garnier owns tho small cuUcction of initntrocnts which Beis 
left behind, and which ate preserved in the Physical Cabinet attached to 
the Institute, where alao may be seen the pravilation machine — an 
ingenious combination of the principles of Atwood's and Morin'a raachinei 
— and the automatic weather-recorder invented by Beis, both, however, 
very greatly out of repair. Herr Gamier has fumiahed to a friend the 
following particulars about Rcia and bis invention.] 

" I knew Philipp Eeia, now deceased, during his life-time. 
. . . About the year 1859, he was employed by my father, 
then proprietor and director of the Friedrichsdorf Gamier 
Institute, as. teacher of mathematics and natural sciences. 
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He employed his hours of leisure in experimenting for 

himself in a house occupied by himself, and in which he had 
established a physical laboratory with a view mainly of 
realizing an idea wliich he had conceived sometime before of 
transmitting the human voice over divers metallic conductors 
by means of a galvanic current. ... I remember especially, 
that, standing at the end of the wire or conductor, Mr. Reia 
speaking through his instrument, 1 distinctly heard the 
words : ' Guten Morgen, Herr Fischer ' (Good morning, 
Mr, Fischer) ; ' Ich komme gleich ' (I am coming directly) ; 
Passe auf!' (Pay attention!); 'Wie viel Uhr ist es?' 
{What o'clock is it ?) ; ' Wie heisst du ? ' (What's yonr 
name?) We often spoke for an hour at a time. The 
distance was about 150 feet. 

" LfioN Gabnier." 



Ernest Horkheimee, Esq. 

" Manchester, Dec. 2, 1882. 
" Professor S. P. Thompson, 
"Deab Sie, 

" In reply to your favour of 31st instant, I shall be 
very happy to give you all the information I can with respect 
to the telephonic experiments of my late friend and teacher 
Mr. Philipp Reis. 1 would express my gratification at finding 
that yon are trying to put my old teacher's claims on their 
just basis. I have always felt that in this race for telephonic 
fame, his chums have been very coolly put aside or ignored. 
That he did invent the Telephone there is not the remotest 
doubt. I was, 1 think, a great favourite of his ; and at the 
time his assumption was that I was destined for a scientific 
career, either as a physicist or a chemist ; and 1 believe that 
he said more to me about the telephone than to any one ; and 
I assisted him in most of his experiments prior to the spring 
of 1862. 
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" Philipp Eeia intended to transmit speech by hia telephone 
— this was his chief aim ; the transmitting of musical tones 
being only an after-thought, worked out for the convenience 
of public exhibition (which took place at the Physical Society 
at Frankfort-on-the-Main). I myself spent considerable time 
with him in transmitting words through the inatruraente. 
We never (in my time) got the length of transmitting com- 
plete sentences successfully, but certain words, such as ' }Ver 
da?' 'ffcunss,' 'warm,' 'halt' were undoubtedly transmitted 
without previous arrangement. I believe Reis made similar 
experiments with his brother-in-law. 

" Irecollect the instrument in the shape of the human ear 
very weE : it was Eeis's earliest form of transmitter. The 
transmitter underwent a great many changes, even during my 
time. The form you sketch (Fig, 9, p. 20) was almost the 
oldest one, and was soon superseded by the funnel-ahape 
(Fig. 35). 





Pig. 35. Fig 36. 

The back was always closed by a tympanum of bladder, and 
many a hundred bladders were stretched, torn, and discarded 
during his experiments. I recollect him stating to me tliat 
he thought a very thin metal tympanum would eventually 
become the proper thing, and one was actually tried, coated 
over on one side with shellac, and on the other likewise 
except at the point of contact (Fig. 36). I believe it was 
made of very thin brass, but at the time the experiments 
were not satisfactory. Talc was also tried, but without 
success, the platinum contacts being in all cases preserved. 
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" I remember very well indeed the receiver with a steel 
wire, surrounded by silk-covered copper wire. The first one 
was placed on an empty cigar-box, arranged thus : — 



^p^^rn^^ 




Fig. 37. 

" The wire was a knitting-needle and the copper wire was 
spooled on a paper case. /T " 



) 



" The spiral was supported by a little block of wood, so as 
to allow the knitting-needle not to touch it anywhere. Later 
on a smaller cigar-box was invented as a cover — thus ; (Fig. 38) 
— having two holes cut into it like the /-holes in a violin. 




Fig. 38. 

" The practice was to place the ear close to the receiver, 
more particularly so when the transmission of words was 
attempted. 

" The spiral was, during the early experiments, placed on a 
violin — ^in fact, a violin which I now possess was sometimes 
used, as it was of a peculiar shape, which Reis thought would 
help the power of tone. 

" I have already enumerated some of the words which were 
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transmitted, but there were many more ; on one occasion a 
Boug, known in tbia country as ' The Young Kecruit ' (Wer 
will unter die Soldaten) was transmitted, the air and many 
of the words being clearly intelligible. 

" I do not recollect seeing the receiver shewn in the wood- 
cut (Fig. 21), but Keia often said that he would make such 
a one, although the sketch he made for me then differed in 
some details from your woodcut. Eeis intended to keep me 
fully informed of all he could achieve, but, immediately aft«r 
leaving his tuition, I fell ill, and was laid up for a very long 
time. Shortly afterwards I left for England, and then he 
died, and I never saw him again. The electromagnet form 
was certainly strongly in his mind at the time we parted, 
and he drew many alternative eu^estions on paper, which 
have probably been destroyed ; but the electromagnets in 
all of them were placed upright, sometimes attached to the 
top of a hollow box, and sometimes to the bottom of a boi 
arranged thus (Figs. 39, 40) ; but, to my recollection, they 
never got beyond the stage of drawings, whatever he may 
have done after he and I parted company. 





" In conclusion, I beg to send you herewith a photograph 
of Philipp Iteis (see Fig. 12, p. 23), holding in his hand the 
instrument I helped him to make, and which photograph he 
took of himself, exposing the camera by a pneumatic arrange- 
ment of his own, and wliich formed part of a little machine 
which he concocted for turning over the leaves of music-books. 

" The instrument used by Reis at the Physical Society may 
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hiivo Ihh^u thu H(|naro bli)ok fonu : I believe that this cone- 
rorm \\m not (puto ooinplotod then. At the Saalbau (Hoch- 
Ntiit). howovor, 1 luu mn Uio instniment shown in my photo- 
graph wtui oinph^yoil ; not with a tin cone, but a wooden one. 
1 Honil you horowith a sketch of what I remember that 
iu8truuu\ut to havo boon. I am not absolutely certain 
whothor in tho iu^trunuuit there was not an electromagnet 
iuti\HhuHHi» but I think not My recollection leads me to 
iiup)H>so that tho oUvtronuvgnet arrangement was added sub- 
tHH|Uontl>\ Thinking it over again, I should^ however, think 
that tl\o iu^tnuuoiit in tho photo must have been one in 
\^hioh a UuU lovor was plactxl Ivhind the tympanum, and 
that Uio nvtangular }>atch soon alwo was a wooden casing 
to dh'ltor tiio )>arts. Thorv may Iv some confusion in my 
luiud as to (ho )KX!UUv>n of this box. but I somehow think 
tlio T\vcai\gular i>^tch is only pan of a larger boj^ which is 
lu^ ap(>iu\'nt iu tho }>hv^ogtmph. I have no idea wherte 
iho v>^tual instrumont is now, but I should hanlly think 
it vvuM Iv in oxistouvW Keis usod to take some in- 
ssrulu^^ttts to pi^vti^ to uulii^ {^uts? in sul«eq;ien: exf^- 
\tt^"u:s^ ansl 1 wvvlUv5 K»w kwa he us*?d :o l^ ab<c: the 
bi:s ox" pU:iuu:£L which he alw:iy>? cescrthjc as •ein. sehr 
U>s:bA^wi \lec;ill" MTb*: alv^ibvs w:i* jl zt^*: rc^e wuis iLe 
a;;;j^^^x:^ v^*^ ;i:se p£iL:ia:isr pU^e ^^ :b; rxnrarK. wiii be 
vtxi pi't:<«u^ by ;Kiili%>w:Uk. suyis^ 43 ^ sizae izK : ■ Ej 
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others here reprinUxl is haviog been Bpeciall; writUiD for tbe purpoeo of 
Ijeiug inserted in LliLt volume. — S. F. T.] 

" 36, Mark Lane, London, 30(A Apnl, 1883, 
" Deae Professor Tiiompson, 

" At last I find a moment to comply with your request 
My knowledge of Philipp Eeia dates from 1860, when I 
was a pnpil at Professor Garnier's School at Friedrichsdorf, 
of which scliool Reis was one of the undermasters. Keis, 
naturally communicative, waa very fond of talking to ua boys 
about his scientific researches. And it was on the occasion 
of one of our daily walks together that he told me how, 
when an apprentice at Beyerbach's (colour-manufacturer), in 
Frankfurt-a.-M., he was one day amusing himself in watching 
the behaviour of a small magnetic compass. This compass 
he found, on being placed near to the base of various iron 
■ columns in the warehouse, was attracted. Disturbed by the 
entrance of one of the principals, who imagined that Eeis 
ought to employ his time more profitably, he withdrew to a 
stage where ho could pursue his experiments unobserved. 
Much to hia surprise, he now found that the pole attracted 
by the base was repulsed at the top of the columns, which 
observation led him to oxamino other pieces of iron on the 
premises. He next built up a column with all the weights 
in the warehouse, and having verified his previous observa- 
tions, he communicated what he believed to be his first and 
great discovery either to Professor Bottger or to Dr. Oppel, 
Great was his diappointment to learn at this interview that 
he had unwittingly stumbled across a well-known physical 
fact: but his disapjiointment stimulated in him the desire to 
learn more of the marvellous laws and mysteries of natura 
That Keis evoked a similar desire in those with whom he 
came in contact need not cause surprise, and thus it came 
about that Horkheimer, Kiister, Schmidt, and myself, soon 
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enjoyed the privilege of private instructions in physics, and 
of being permitted to witness Ma telephonic experiments 
amongst others. I was, however, very young, and am sorry 
that much that I then saw and heard has heen forgotten, 
Keia insisted that his transmitter (which he called tlie 
'ear') should be capable of pei-forming the functions of 
that organ, and he never tired of drawing diagrams of the 
numerous curves of sounds to explain how necessary it was 
that the transmitter should follow these curves before perfect 
speaking could be attained, and which kind of curves the 
instrument so far could reproduce. Numerous experiments 
were made with transmitters, exaggerating or diminishing 
the various component parts of the ear. Wooden and me- 
tallic apparatus, rough and smooth, were constructed in order 
to find out what was essential, and what was not. 

" One form of transmitter was at that time constructed 
which I miss amongst the various woodcuts you were good 
enough to send me, and one which Reis based great hopes 
upon. The instrument was very rough, however, consisting 
of a wooden hung of a beer-barrel (which I had hollowed out 
for an earlier telephone — it was not turned inside like 
others), and this was closed with a membrane. The favourite 
' Hiimmerchen ' was replaced by a straight wire, fixed in 
the usual way with sealing-wax, and 
the apparatus stood within a sort of 
tripod, membrane downwards, the pin 
just touching the surface of a drop of 
mercury contained in a small cup form- 
ing one of the terminals of the circuit. 
The apparatus started off with splendid 
results, but may probably have been abandoned on account of 
its great uncertainty, thus sharing the fate of other of his 
earlier instruments. In my belief it is to these mechanical 
imperfections, due principally to the want of sufEcicnt means 




Fig. il. 
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at his command, that we must look to find tlie reason why 
Reifl'a telephone did not cnrae to an earlier fame. Thus Eeis 
informed me tliat he intended to exhibit it once at some 
scientific meeting at Cassel, but notwithstanding a perfect 
rehearsal it was impossible to show the working to the audi- 
ence ; the failure was attributed by Eeis to atmospheric influ- 
ence (stretching of the diaphragm), and he felt much grieved 
at having lost his chance. To make matters worse, the early 
transmitters had no adjusting screws, and the contact was only 
regulated by a piece of bent wire, and the ' hammer ' was fixed 
to the membrane. PhUipp Schmidt should recollect what I 
state, as many experiments were made when only he. Reis, and 
myself were present, he being at one and I at the other end 
of the apparatus. The wire was stretched from Keis's house, 
in the main road, through the yard to a hayloft, near the 
garden or field. We transmitted musical sounds (organ, &c.), 
singing popular songs (' War will unter die Soldaten," ' Ich 
hatt' einen Kameraden,' &c.) and speaking, or, more cor- 
rectly, reading. We had a book, and were to find out wliat 
part of the page the reader was just transmitting. We fre- 
quently used a sort of 'Exercier Reglement,' a soldiers' 
instruction book, or something of that sort. I have a 
distinct recollection of electromagnetic receivers being used, 
but not of their construction, except that the use of one of 
them was accompanied by a rattling and disturbing noise. 
The knitting-needle put in the / of a violin was, however, 
the more favoured receiver, but at this time, in Keis's mind, 
all seemed to hinge on the electromagnet, as it had before, 
and, I dare say, did again afterwards on the transmitter. I 
left Friediichsdorf in '62, and rarely saw Eeis after that, 
ejicept a few times at Mechanicus Albert's (who made some 
of his apparatus), and at Professor Bottger's, to whom he 
introduced me. Eeis attended Professor Bottger's lectures 
at the Physikalischer Verein, when in Frankfort, prior to his 
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settling down at Friedrichadorf ; but I do cot know that 
any particularly intimate relation existed between them. 
l>r. Poppe, director of the Gewerbeschule (Trade School), 
now deceased, on whose advice he chiefly relied, was then 
one of Ilia more intimate friends, Professor Oppel being 
occasionally consulted about more intricate mathematical 
problems. Of the 'meteorological recorder' invented by 
Eeia I recollect but its existence, but notliing at all of a 
' fall-machine ' of his construction. The velocipede I only 
recollect, because he lent it to me for a masquerade. At liia 
suggestion we altered it into a large mustcal-box, putting 
Herr Pet«r inside, who played on the clarinet when I 
turned a handle. Dr. Kellner statea tliat its chief merit 
consisted in being able to go downhill, and that poor Reia 
came back (uphill) puffing away, dragging his velocipede 
beliind him. Kellner no doubt could give valuable informa- 
tion on Reis's theory of electricity, hia conviction that there 
was only one kind of eloctridty, his acoustic researches, and 
thoee on ndiatioa of elecbicity. his galvanoplastic experi- 
ments, &C., Ac. 

" In personal appearance Reis was not very refined, but 
he had a striking countenance and a very powerful look. 
Though occasionally very irritable, especially with dunces, 
he was always warm-hearted, and showed great kindness to 
thoeo who caied to understand him. Reis's >iew3 of the 
telephone may, of coarse, have changed after I knew him, 
and looking at his later instruments, one of which I possess, 
I cannot help thinking they did ; at any rate, I do not see 
how, in these instruments, the current got interrupted at all, 
and the instruments must have acted like microphones, 
whether known or unknown to him. When listening to the 
instnuueiit he beqoantly said to ma, " Ton imdeisUnd it is 
a ' mokinlsr Bewegnng * (nwdecnlaT maHaa). 

" I am Sony ikaX, owing to the I^ne of time, I am unaUa 
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to throw more light on Eeis's original labours in a, field of 
physical science which promised so much for tlie future ; 
but insufficient as are my recollections, they may not be 
without public interest, and at any rate I am glad of this 
opportunity of offering my Immhle tribute of regard and 
affection to the memory of ray old teacher and friend, 
" Yours truly, 

"kudolht mes8el." 

Heinhich Hold, 

[Hot Hold, funneriy a colleague of Pbilipp ReiB in the Garnior Institute 
at Priodrichedorf, but cow proprietor of a leather faolory in the same 
plncc, tvaa teacher of matbematicB. He was in his younger days a fellow- 
student of Professor Tyndall at Hallc, and was well acquainted nith 
physical scienoe in general. His intimale coanection with Reia, and cloK 
knowlcdse of Reis's work, enable him to coufitm the teatimony of others 
in many important poinU.] 

To Professor S. P. Thompson in Bristol. 
" Esteemed Sre, 

" I have much pleasure in fumisliing you with the 
following particulars concerning my late colleague Philipp 
Beis, the inventor of the Telephone. He was himself educated 
Bt the Garnier's Institute in Friedrichsdorf where I was also 
teacher of mathematics. I knew him very well during his 
life-time. Among his numerous original researches, his 
invention of the telephone was the principal one. His idea 
.was to reproduce the tones both of musical instruments and 
of the human voice by means of electricity, using a covered 
wire wound in a spiral round an iron core, the same being 
placed upon a resonant box. In this he succeeded, inasmuch as 
with an apparatus, which he showed to the Physikalischer 
Verein in Frankfurtr-a.-M., in the year 18C1, he repro- 
duced music, singing, single words and short sentences; all 
of which were distinctly audible over a short distance from 
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his dwelling-house through the yard to the ham. Eveiy' 
voice was not equally well adapted for speaking into the 
apparatus, neither could every ear understand the telephone 
language equally well. Words spoken slowly, and singing, 
both in a middle tone, were the most easy to reproduce. I 
helped Mr. Ecis to make many of his experiments, and have 
spoken and sung into the telephone, the same being generally 
heard aud understood. I have also heard and undei-stood 
short sentences when I was standing at the end station. A 
brother-in-law of Mr. Eeis, who is now paymaster in the 
Imperial Navy at Wilhelmshavn, generally conducted the 
.nd singing in the telephone. 

■' HEixRicn Hold.' 



Heiniuch Ffiedbich Petee. 



I 



[Elcrr Foter ia Btill Music-teacher in tbo Goruier In3titiil«, and liiu 
vivid recollection of Lis former colleogQe Fbilipp Reis, and of the experi- 
ments with tlie telephone.] 

" Dear Sm, 

" The following particulars concerning Reis's Tele- 
phone I have several times narrated. I was teacher of 
music in Gamler's Institute at the time when Mr. Eeis 
invented the telephone, in the year 1861, I was much 
interested in his experiments, and visited him daily, giving 
him help and making suggestions. His first idea was to 
imitate the construction of the human ear. He constructed 
a funnel-shaped instrument, the hack of which was covered 
with a skin of isinglass, upon wliich was fastened a piece of 
platinum, against which rested a platinum point. As receiver 
of the electric current lie used a common knitting-needle, 
surrounded by a coil of insulated green wire, which was at 
first merely laid on a table. At first the tones were very 
much interfered with hy a buzzing noise. At my suggestion 
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he placed the spiral upon my violin as a resonant-box ; 
whereupon the tones were perfectly undurBtood, though 
still accompanied hy the buzzing noiae. He continued 
experimenting, trying various kinds of membranea, and 
made continual improvements in the apparatus. I was 
present and assisted at the experiments at PrankfortKin- 
tbe-Main, on the 26th of October, 1861 ; and after the 
meeting broke-up, I saw the members of the Society 
as they came and congmttdated Mr. lieia on the success 
of his experiments. I played upon the English horn, and 
Philipp Schmidt sang. Tlie singing was heard much 
better than tlie playing. At an experiment which we made 
at Friedrichsdorf, in the presence of Hofmth Dr. Miiller, 
Apothecary Mailer, and Professor Dr. Schenk, formerly 
Director of Gamier's Institute, an incident occurred which 
wai interest you. Singing was at first tried ; and afterwards 
his hrother-in-law, Philipp Schmidt, read long sentences from 
Spiess's ' Tumbuch ' (Book of Gymnastics), which sentences 
Pldlipp Beis, who was listening, understood perfectly, and 
repeated to us. I said to him, ' Philipp, you know that whole 
book by heart ;' and I was unwilling to believe that his ex- 
periment could be so successful unless he would repeat for 
me the sentences which I would give him. So I then went 
up into the room where stood the telephone, and purposely 
uttered some nonsensical sentences, for instance ; ' Die Sonne 
istvon Kupfer'(The sun is made of copper), which Eeis 
understood as, ' Die Sonne ist von Zucker ' (The sun is made of 
sugar) ; ' Das Pferd frisst keinen Gurkensalat ' (The horse eats 
no cucumber-ealad) ; which Reis understood as ' Das Pferd 
frisst . . . .' (The horse eats . . . ). This was the last of 
these experiments wliich we tried. Those who were present 
were very greatly astonished, and were convinced that lieis'a 
invention liad opened out a great future. 

" H. F. Petek, Musiklehrer." 
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"Deab Sib, 

" There are several residing at present in I'hiWin >vlu^ >wi\^ 
present at my telephonic experiments in 1865 ; tlmv of tlit^uu 
namely. Dr. W. Frazer, Mr. A, M. Vervkor, tuul Mr K, 1\ 
Tnke, took an active part in the cxperimonU, and nnuoudn^r uU 
the circumstances connected with thorn. The voiro o( ouoh 
was instantly recognised in the receiver; in fact, this iMtint 
attracted special attention at the time. 
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I had no knowledge at that time that Reis had used an 
electromagnetic receiver, nor did I know that Reis was the 
inventor of the instrument which I got from Mr. Ladd. 

" The original instrument made by me is, I believe, still 
in the Museum at Clongowes Wood College. The President 
kindly lent it to me some time ago, and I returned it to hini 
again after showing it to Professor Barrett. I have a cut 
of this receiver, which I will send to yon if it will be of any 
Qse to you. 

" Yours tmly, 



, Ykates." 



William Frazeb, Esq., M.1)., 



"20, Harcourt Street, Dublin, 
-JlffflrcAlS, 1883. 
" Deah Sir, 

" 1 have a distinct recollection of the Telephone. We had 
a small private club meeting once each month for scientific 
purposes. On referring to my note-books, I find that there 
was a meeting on Thursday evening, October 6th, 1865. It 
was held in Nassau Street, at the residence Mr. Horatio 
Teates, now in Australia, and brother of Mr. Stephen Yeates, 
The Telephone was upstairs, in the third story of the house, 
and the voice heard in the hall. Jlr. Vereker, of the Bank 
of Ireland, Mr. John Rigby. of rifle celebrity, the two Mr, 
Yeates, and, I think, Mr. Tuke, were present with myself. 
There were some others, whom I cannot now recollect, but 
our club was small, 

" Rigby sang ' Patrick's Day ' and ' God save the Queen,' 
and various questions were asked and answered. The sepa- 
rate words were most distinct, tlie singing less so ; but there 
was no difBciilty in recc^nising the individual who spoke by 
his voice. 

" Being much interested in the snliject, T got Mr. Yeates to 
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allow the apparatus to be shewn at a Conversazione (Presby- 
terian Young Men's) at the Eotunda on October 12, at 8 p.m. 
His assistant, Mr. Tuke, took charge of it that night. It 
was placed in a side room off the main round room of the 
buildings. 

" I exhibited at the October 5th meeting of our club a 
specimen termed ' Locust gum,' probably derived from some 
Bobinia, but really can tell yoii nothing more about it. There 
is merely a brief note of it in my private memoranda. 

" Yours, dear Sir, 

Believe me very truly, 

" William Frazer, 

Fellow and Examiner, Eoyal College of Surgeons, 
"Ireland, Member of Council, Eoyal Irish 
Academy, &c." 



<r 



« 



" Silvanus P. Thompson, Esq., University College, Bristol." 
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CoitrARisoN OF Reis's Transmitters wmi Recent 
Instruments, 

Any one who compares together the many different forms 
of Reis'a Transmitters cannot faE to notice that amidst the 
great variety of form, two easential points are preserved 
throughout, the presence of which is fundamental. These 
two essentials are, firstly, the tympanum to collect the voice- 
waves, and, secondly, an electric mechanism, consisting of two 
or more parts in loose or imperfect contact with each other, 
and so arranged in combination with the tympanum that the 
motions of the latter should alter the degree of contact, and 
consequently interrupt, to a greater or less degree, the 
current of electricity flowing hetween the contact-pieces. It 
was of course familiar to all electricians, long before Reis, 
that a bad, or imperfect, or loose contact in a circuit offered a 
resistance and interrupted the flow of an electric current. 
In all m-dinary telegraphic and electric apparatus great care 
was taken to avoid loose and imperfect contacts by using 
clamping-screws and solid connectors. But Reis, having 
made up his mind (see p. 77) that the action due to the 
magnetising current must vary in a manner correspond- 
ing with, and therefore proportional to, the vibmtions of 
the voice, utilised this property of imperfect contacts which 
alter their resistance according to the degree of contact, by 
arranging his mechanism so aa to apply the voice to vary 
the degree of contact. This was the essence of his trans- 
mitters. In other words, he applied the voice to control or 



moiJerate tlie strength of the current generated by a battery. 
His " intemiptors " may therefore with propriety be called 
" electric current contact regulators;" and put into technical 
language, the essence of this part of his invention lay in the 
combination with a tympanum of electric current regulators 
working npon the principle of variable contact. 

In another appendix is discussed the precise nature of that 
which occurs at a point of variable or imperfect contact, and 
which results in a coiTesponding change of electrical resist- 
ance when the degree of contact is varied. Suffice it to say 
here that it is impossible to vary the degree of contact be- 
tween two bodies which are liglitly pressing one against the 
other, and through which an electric cnn'ent is flowing, 
without altering the resistance offered to the current by this 
joint in the circuit. If the two surfaces are pressed together, 
so that there is a good contact, the current flows more freely, 
finding less resistance. If, on the other hand, by altering 
the pressure or the amount of surface exposed, we change the 
degree of contact and cause fewer atoms of one piece to touch 
those of the other piece, the cnrrent meets with greater ob- 
struction and cannot flow with such strength as before : it is 
partially " interrupted," to use the expressive term employed 
by Reis. 

Now this operation of varying the degree of pressure in 
order to vary the resistance of the interruptor or contact regu- 
lator, was distinctly contemplated by lieis. We find his 
definite instructions, for example (see p. 75), for arranging 
the relative lengths of the two parts of the curved lever in 
one of his transmitters, so that the movement of one contact- 
piece may sict on the other contact-piece with the greatflst 
possible force ; in other words, he shortened his le\'er at the 
working end, sacrificing its range of motion in order to get a 
greater range of pressure at tlie contact-point. 

It has often been said, but incorrectly, that Ileis intended 
his " intemiptors " or contact regulators to make and break 
the electric circuit abruptly in the manner of a tflegraphio 
key worked by hand. No doubt in the mouth of a profes- 
sional telegi-aph operator the words "internipting " the circuit, 
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aud "opening" and " closing" the circuit, do iiow-a-da3'3 
receive this narrow technical meaning. But Reia was not 
a professional telegraph operator : he did not (see p. 87) 
even know the signals of the Morse code, and it is self- 
evident that he did not use the terms in any such restricted 
or unnatural sense as abrupt " make-and-break," because he 
jjroposed at the outset to interrupt the current in a manner 
represented by the gradual rise and fall of a curve, stating 
emphatically in his very first memoir on telephony (p. 55), 
that to reproduce any tone or combination of tones all that 
was necessary was " to set up vibrations whose curves are 
like those " of tlie given tone or combination of tones. 
Moreover, in the construction of almost all his transmitters, 
even in the very first— the model of the human ear — he pur- 
jwsely introduced certain parta which could have no other 
effect than to prevent the occurrence of complete breaks in the 
continuity of the cuiTent. In fact, instead of using rigid 
supports for his interrupter, he mounted one or both of the 
contact-parts with springs, so that one should follow tlie move- 
ment of the other with a gentle pressure never amounting to 
absolute break, except perhaps in the accidental case of a too 
loud shout. By employing these following-springs, he intro- 
duced, in fact tlie element of ela^ticiti/ into his interrupter ; 
and clearly he introduced it for the very purpose of avoiding 
abrupt breaking of the contact. In the first form Fig. 5, p. 16 
(the " ear "), there was one spring ; in the fourth form, Figs. 9 
and 10, p. 21 (the "bored block "), there were two springs, 
one of steel, curved, and one, a straight but springy strip, of 
copper ; in the eighth form (the " lever " form), Fig, 14, p. 25, 
there were two springs; in the ninth form. Fig. 15, p. 26, 
there was a springy atrip of brass. In the final form. Figs. 
17 and 18, p. 27 (the " square-box" pattern), there was, it 
is true, a springy strip of copper, but the light adjustment of 
contact was in this form obtained, not by a spring, but by 
the inertia of the upper contact-piece whicli by it« own, 
weight pressed gently upon the lower contact-piece. In 
every one of these forms, e.xcept the last, there was moreover 
an adjusting- screw to determine the exact degree uf initial 




preasure between the contact si'ifaceB. Doubtlese the diffi- 
culty of adjuating this screw to give the exact degree of con- 
tact, enhanced as that difficulty waa in consequence of the 
liability of the membraneoua tympanum to become flaccid 
by the moisture of she breath, induced Reis to think tliat 
the later form of the apparatus in which this adjustment 
was no longer retained would be more easy to use, or, as 
he says in liia Prospectus, more accessible to others. Yet 
undoubtedly the absence of the spring at the contacts led 
some persons to fancy that the instrument waa intended to 
be shouted or sung to so loudly that every vibration should 
make the upper contact-piece jump up from the lower, 
and as Professor MUller even suggests (p. 98), produce a 
spark ! But such a manner of using the inatrumeut would 
entirely defeat Keis's most fundamental principle, that the 
interruptions should be such as to correspond to the undu- 
latiwj carve which represents the preasure due to vibration 
of the sound-wave ; the possibility of representing the de- 
gree of pressure by a curve being one of the two principles 
set forth in his paper " on Telephony " (p. 55), in which he 
remarks, that " Taking my stand on the preceding principles, 
I have succeeded in constructing an apparatus by means of 
which I am in a position to reproduce .... even to a cer- 
tain degree the human voice." Reis was perfectly well aware, 
as his curves show, that a complicated sound-wave does not 
consist invariably of one condensation followed by one rare- 
faction, but that there are all sorts of degrees of condenaation 
which may follow one another, and all capable of being 
represented by a curve. If all sounds consisted of one rare- 
faction following immediately after each one condensation 
there might be some propriety in proposing that after each 
" make " of contact there should he a " break " in the sense 
of an abrupt or complete breach in the continuity of the 
current. But, obviously, the fact that one condensation may 
follow another without a rarefaction between (which Reis's 
curves show that he knew) must be amply sufficient to prove 
that on Eeis's own principle his inttmiptor was rMar 
pTodtux variations in the degree of wnlact in txact o 
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^Qtuteiux with tJu varUiiions in- tite degree- of pressure, wliatever 
these might be. Had he not meant this, he could not have 
talked about " taking his stand " on the principle of repre- 
eeuting varying pressiirea by an undulatory curve. Now, 
from what has been adduced, the following points are clear : — 

Firstly, that the contact-regulator which Reis combined 
with the tympauum was meant to interrupt the curi'ent, more 
or less, according to tlie varying movements imparted to it by 
the voice. 

Sec-ondl-j/, that Iteis intended such interruptions or varia- 
tions of contact to be proportional to, or to " correapond " 
with, the variations iadicated by the undulatory curve of 
varying pressures. 

TliircUy, that for the purpose of preventing the occurrence 
of abrupt breaks in the continuity of the circuit, he used 
springs and adjusting screws, and in one form availed himself 
of the inertia of the moring parts to attain a similar end. 

It is also clear from his own prospectus, that he was aware 
that for the simpler and rnder purpose of ti'ansmitting 
musical airs, in which the number of the vibrations is the 
only consideration and where each flingle condeusation is 
actually followed by a rarefaction, actual abrupt breaks in 
the continuity of the circuit are admissible. Keia chose this 
simple case as the one capable of being readily graJiped by a 
general audience, though it was obviously only a partial ex- 
planation of the action of the apparatus in the simpletit case 
that could he presented. 

Turning now to some of tlie more modern transmitters, 
we will inquire how far Eeis's fundamental principles are 
involved in their construction. We will first take Berliner's 
transmitter, of which Fig. 43 is a drawing, reproduced from 
the sketch in the specification of his British Patent. This 
transmitter consists of a tympanum of thin metal to collect 
the sound-waves, and behind it ia attached an interrupter or 
current regulator, identical in almost every respect with that 
of Reis. One of the contact-pieces, marked E, circular in 
form, is fixed to the centre of the tympanum, and vibrates 
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with it, precisely as in Eeis'a latest, and in some also of his 
earlier instruments. Against this there rests iu light contact 
a second contact-piece, in the form of a small 
blunt spike, F, screwed into a short arm, 
loosely jointed to the part N, where the 
circuit is connected. As in Keia'a latest 
transmitter (Fig. 17, p. 27), so here, the 
contact-pieces are kept in contact by gravity. 
When any person talks to the tympanum it 
\ibrates, and, as a result, the degree of con- 
tact between the two surfaces is varied, 
resulting in a greater or less interruption of 
the current, the inertia of the upper contact- 
piece, serving to prevent complete abrupt 
" break " of the circuit, except under un- 
usually strong vibrations. In fact, if the 
speaker talks too loudly when 8[)eaking into 
Berliner's transmitter, be will cause abrupt 
r instead of partial interruptions ; and a rattling 
1 to confuse the speech at the receiving end of 
the line. But this is precisely what occurs in a Keis's trans- 
mitter if one talks too loudly to it. It is obvious that if 
Berliner's transmitter is a " make-and-break " instrument, so 
is Eeis's, because the principle of action is identical : and 
it is also obvious that if Berliner's instrument is capable of 
varying the resistance at the contact-points by interrupting 
the current in a manner corresponding to the pressures of 
the air in the sound-waves, so also is Keis's instrument. 

It is a fact that in Berliner's instrument it is usual to 
make the contact-pieces, or one of them, of hard artificial 
cnke-carbon, as this substance will neither fuse nor rust. Bub 
Berliner's transmitter will transmit speech perfectly if the 
contact parts be of brass, silver, platinum, carbon, or almost 
any other good conductor. In moat of Keis's instnimenta 
the contact- pieces were usually of platinimi ; but they work 
quite as well if artificial coke-carbon is substituted. In fact, 
Eeis's principle of variable and elastic contact is applicable 
to contact-pieces of mig maUrial t/ial in a good enough eon- 
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duetor of electriciti/ and litird enough for the purpose The 
main improvement in Berliner 8 transnutter is the substi- 
tution of the metal tympanum for the membraneous one, 
which was liable to beeomn flabby with moisture 

We pass on to Blake's transmitter, whiuh la the one more 
generally used in Great Britam than any other The draw- 
ing, Fig. 44, of this instrument 18 taken from the specifica- 
tions of Blake's British Patent, and shews all that concerns 
the contact-parts. It does not show 
the accessories, the induction-coil, or 
the form of adjusting screw and frame 
peculiar to this instrument Inspec- 
tion of the figure shows that this trans- 
mitter consists of a mouthpiece in the 
form of a conical hole bored through a 
stout plank of wood, and cloaed at the 
back by a metal tympanum of exactly 
the same size as that of Keis, behind 
which the interrupter is plated, pre- 
cisely as in some of Reis's instruments 
In this interruptor both the contact-parts 
are supported on springs, resembling, 
even in the curve given to them, the 
springs Eeis used. The first of thecon- 
tact-pieoea ia a small metal spike Con- 
cerning it Mr. Blake remarks (page 4 of Specification) :— " It ia 
desirable that it should be foi'med of, or plated with, some metal, 
like platinum or nickel, which is not easily corroded. It may 
be attached directly to the diaphrt^^n, but I prefer to support 
it independently, as shewn, upon a light spring." ..." This 
method of supporting the electrode crus^ires Us contact with the 
other electrode under some circumstances when otherwise thcij 
•would he liable to be separated and the circuit broken." In fact 
this spring serves functions precisely Identical with those of 
the springs used by Eeis. The second of the contact-pieces may 
bo described as a mass of metal at the end of a spring. Of it 
the patentee remarks : — " This weight may be of metal whicli 
may serve directly aa the electi-ode, but I have obtained better 




F.g H 



results by applying to it, at the point of contact with th« 
other electrode, a piece of gaa-coke or a liard-pi'essed block 
of carbon." As a matter of fact, a mass of silver or of nickel or 
of platinum will transmit talking perfectly, but these metals, 
though better conductors, are more liable to corrode and fuse, 
and may require therefore more frequent renewal, than gas- 
coke. Since, then, it is immaterial to the action of a Blake 
transmitter what substance is used for the contact-pieces, it 
is clear that the principle of employing an interrupter 
mounted on springs is the real feature of the instrument. 
Iteia also mounted his interruptors with apringa, and for the 
very same purpose. The function of the weight on the second 
spring of the Blake transmitter ia to resist the movement of 
the tympanum, and to "' modify by its inertia the variations 
of pressure " between the two contact-pieces. In other 
words, it acta partly as Berliner's transmitter, by inertia. So 
did one of Ileis's instruments, as we have seen. In the Blake 
instrument there is the happy ide-a of applying both the spring- 
principle and the inertia-principle at once. Yet, in spite of 
this, if the speaker shouts too loudly into a Blake transmitter, 
he will cause abnipt breaks between the contact-pieces in- 
stead of producing partial interruptions in the contact, and 
in tliat case speech will, as heard at the other end of the line, 
be spoiled by a rattling noise. It is possible, also, with 
Reis's instruments to spoil the articulation by shouting too 
loudly, and causing aotiial abrupt breaks in the continuity. 
If Blake's interruptor can be worked as a make-and-break 
in this sense, so can Keis's : for there is not one of the 
features which is essential to Blake's instrument that cannot 
be found in Reis's also. 

By way of further carrying out the comparison between 
Keis's methods of combining his tympanum with his contact- 
regulator, and the methods adopted by lat«r inventors, we 
give, in Fig. 45, ten comparative sketches, the first five of 
which illustrate Reis's methods. In these sketches the only 
liberty taken is that of representing no more of the instru- 
ments than the actual parts wanted in the comparison. No. 1 
represents the working-parts of Reis's first model ear, with 
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its curved lever, platinum-tipped spring, and adjusting screw. 
No. 2 shows the springs, screw, and contact-pieces of Reis's 
bored-block transmitter (" fourth form : " compare Figs 9 and 
10, p. 21). No. 3 shows the curved lever, the springs, and 
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Fig. 45. 





the adjusting screw of Reis's eighth transmitter (" lever '* 
form). No. 4 gives the working parts of Reis's ninth trans- 
mitter, described in detail on p. 27. No. 5, in which the 
tympanum is placed in a vertical position, merely for con- 
venience of comparison with the other figures, shows the 
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working parts of Reia'a final form of instrument, in which ' 
gravity and tlie inertia of the upper contact-piece enabled 
him to dispense with the adjustment of spring and screw. 
No. fi shows in profile Berliner's transmitter, which may be 
instructively compared with No. 5. No. 7 shows the working 
part of Blake's transmitter, which should be compared with 
Noa. 2 and 4 : even the ciure of the springs imitates that 
adopted by Keis. Nos. 8, 9, and 10 are forms of transmitter 
devised by Edison. No. 8 is copied from Fig. 10 of the speci- 
fication of Ellison's British Patent. It will be seen that here 
there is an iuterruptor placed on each side of the tympanum, 
and that eacli interruptor consists of a short spike mounted 
on a spring and furnished with an adjusting-screw, " Phttiua 
foil disks," says the inventor, are to be secured to each 
side of the diaphragm, and against these disks, as in Eeis's 
instruments, press the contact-points of the intemiptors. 
The patentee also states (p. 7 of his Specifi&ition), tliat 
for these contact-points " any substance not liable to rapid 
decomt>o3ition " may be used. This term includes all the 
substances used by Eeis, and a great many others. It will 
therefore be seen that this whole device is nothing more tlian 
a Eeia transmitter with the contact parts duplicated. Yet this 
instrument was intended by Edison to transmit speech, and 
will, like Keis's instrument, transmit speech if property used. 
No. 9 of the set of sketches is taken from Fig. 25 of Edison's 
British Specification, but omits the induction-coil and other 
accessories, retaining tlie parts wanted for comparison. The 
patentee thus describes the parts figured. "The tension- 
regulator [meaning thereby the interrupter or contact-regu- 
lator] is made of platina-foil upon the surface of two soft 
rubber tubes ; one on the diaphi'agm, the other on the 
adjusting-screw." It is interesting to note here how the 
ingenuity of the later inventor led him to vary the construc- 
tion adopted by the original inventor in substituting an 
elastic cu.shion of soft mbber for the springs of the older 
instruments. But the principle of combining a tympanum 
with a contact-regulator, which was Keis's fundamental 
notion, is here also tlie leading idea; and the further idea o 
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K obviating abrupt breaks in the current by applying elastic 
8upporta is also carried out. Edison even copies Reis in 
having an adjusting-screw, and lie applies the very same 
substance — platinum foil — which Keia used in his very first 
and hia very last transmitter, Edison's transmitter transmits 
speech very fairly, even without any of sucli later accessories 
as induction-coils ; and why should it not ? It is constructed 
on the very lines, nay, with details almost identical with 
those prescribed by Keis in describing his invention. It 
embodies those fundamental ideas which Reis set before 
him when he said, "Taking my stand upon the preceding 
principles, I have succeeded." 

The last of the ten sketches of i\. 45 is taken from 
Edison's first American Patent specification [No. 203,014, 
filed July 20, 1877], and shows a duplicated interrupter 
with springs and adjusting-screws combined with a tym- 
panum. Further comment on this arrangement is needless, 
save to remark that in tlus patent for " sjmaking telegraphs," 
Edison himself describes the contact-apparatus which lieis 
termed an " interrupter," as a " circuit-closer," or in another 
place as " circuit-breaking connectiona," and, in his British 
Patent quoted above, as a " tension-regulator." It is 
evident that if Reis could transmit speech by an intemiptor 
which closed and opened the circuit (always in proportion 
to the vibrations) there is no reason why Edison seventeen 
years afterwards should not accomplish the same result by a 
ludar means. But it has lately been fashiunable to deny 
that any such device as an interruptor mounted on springs 
can transmit speech at all ! 

We have now compared with Reis's transmitters several 
of the more modern inventions. It woidd he possible to carry 
comparison further were that course needed. We have not 
thought it worth while to rake up Edison's now discarded 
lump-black button transmitter ; and we have not yet spoken 
of Crossley's transmitter nor of Theiler's transmitter, nor of 
their parent the Hughes' microphone, nor of dozens of other 
forms. In some of these there is no specific " tympanum," 
but only a sounding-board of pino-wood, and in most of them 
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the points oF loose-contact, where interruption more or less 
complete may occur, are multiplied. Bnt they all come back 
in tlie end to Reis's fimdamental idea, namely thtit of setting 
the voice to vary the degree of contact in a mechanism 
wliich he called an intemiptor, and wliicb othera have called 
a current-regulator (or, less correctly, a tension-regulator) 
which, because the degree of contact between its parts was 
varied, caused those parts to offer more or less resistance to 
the flow of the current, and thereby threw it into vibrations 
corresponding to those of the sound-wave impressed upon 
the tympanum. There is not a practical transmitter used in 
any of the telephone exchanges of Great Britain to-day that 
does not embody this principle. 

Eeis did, indeed, penetrate to the very heart the principles 
necessary to be observed in a successful telephone. Ho was 
master of the situation. For, as in every practical trans- 
mitter in use to-day, so in his transmitter, there was a loose 
Omtact in the circuit so arranged that tlie voice could act vpon 
it, and thereby regulate Ike gtrcngth of the current. If you 
eliminate this part of the apparatus, — screw up the loose- 
contacts of your transmitters, so that your voices cannot 
affect them, — what will your telephones be worth ? No ; 
the essential principle of the transmitter — " Das Telephon " 
emphatically as its inventor styled it — is variable contact; 
and that all-essential principle was invented and applied for 
the purpose of transmitting speech hy Philipp Reis in 18fil. 

If tliis does not suffice as a claim for the invention of the 
Telephone transmitter, it may well be wondered what will. 
We can dispense with all other features save this one. We 
Can even dispense with the tympanum or diaphragm which 
Keis introduced, and can operate on the contact-parts without 
the intervention of this part of the combination. We can use 
the very metals which Eeis used, and dispense with lamp- 
black and all tlie fallacious rubbish that has been subsequently 
devised about semi-conductors, whatever that term may mean, 
We can even dispense with springs and adjusting screws. 
But initk the principle of variable contact we can not dispense. 
That which alone is indispensable Pliilipp Reis discovered. 
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APPENDIX II. 

On tht; Vaihatiok of Electric Eesistance at a Point of 
Imperfect Contact is a Circuit. 

Etf,r since electricians had experimented with voltaic 
currenta, and especially since the introduction of the electric 
telegraph, it had been a familiar fact that a loose or imper- 
fect contact in the circuit caused a resistance to the flow of 
the current and interrupted it more or less completely. To 
obviate the occurrence of loose or imperfect contacts, binding- 
screws were invented ; and many were the precautions taken 
to make tight contacts at joints in the line, the resistance of 
which it was desirable to maintain at a minimum. Young 
telegraphists were particularly instructed to press their keys 
well down in signalling, because a light contact wotild offer 
iome resistance wliich, on an increase of pressure, wo\i!d dis- 
appear. In Fact, it was generally well known that the resist- 
ance of two pieces of metal or other conducting material in 
contact with one another might be made to vary by varying 
the goodness or badness of the contact with the application of 
more or less force. This fact was known to apply to good 
conductors, such as copper and other metals, and it was known 
to apply also to non-metallic conductors, such as plumbago. 
Plumbago points were used by Varley for the contacts of 
relays ; it having been foimd that points of platiuiuu were 
liable to become fused together with the passage of the 
current, and by so sticking rendered the iustrument useless. 
Since jilumbago was known to be infusible, it was hoped that 
a plnmbiigo contact would prove more reliable. In practice, 
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however, the plumbago relay did not turn out ao well. ' 
it did not fuse, or stick, or ruat ; but it was even more li 
tlian platinum to form imperfect contncts, the resistance of 
the light contact t>eiiig so high that a auiBcient current did 
not pass. It is not known whether other non-metallic sub- 
stances were tried ; probably not, because of non-metallic 
substances plumbago is one of the few that are good con- 
ductors. 

According to Ediaon (British Patent, No. 792, 1882), 
compressed graphite is a substance of great eonductiviiy. 
According to Faraday ('Exp. Res.' vol. i. p. 24), retort-carbon 
is an rxcellent amductor. Both graphite and retort-carbon 
agree with the metals in the property that the electric resist- 
ance offered at a point of contact between them varies when 
the pressure at the contact is varied. It is indeed remarkable 
through what wide ranges of resistance the contact between 
two good conductors may vary. The resistance of contact 
between two pieces of copper may be made to vary in a per- 
fectly continuous manner by changes of pressure through a 
range, according to Sir W. Thomson, from a small fraction of 
one ohm, up to a resistance of many thousand ohtns. The 
same is true of silver, brass, and many other good conductors, 
including graphite and retort-coke, though with the latter 
materials the range of resistances is not so great. With par- 
tial conductors, such as oxide of manganese, sulphide of 
copper, sulphide of molybdenum, &c., and with bad con- 
ductors, such as lamp-black and selenium, whose conduc- 
tivity is millions of times leas than that of graphite, copper, 
and otlier good conductors, it is impossible to get eqiially 
wide variations of resistance, as the amount of pressure at a 
point which will bring the ba<l conductors into intimacy of 
contact, will not turn them into good conductors. Platinum 
being in the category of good conductors, ia amongst those 
substances which yielil a very wide range of electrical resist- 
ances at the contact-points wliich are submitted to varying 



With the very highest conductors, such as silver and 
copper, the electrical ninge of contact-resistance is lughee 
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thaxi with those of lesser conductivity, such as lead,platinain, 
graphite, and retort^coke. 

But though the range of variutinn in electrical resistance at 
contacts is highest for the best conductors, there comes in 
another element, namely, the range of distance through which 
the contact-pieces, or either of them, must be moved in order 
to pass through the range of variations of resistance. This is 
quite a different matter, for here the best conductors have 
the smallest range, and some that are not so pood a greater 
range. In any case tlie available range of motion is 
"very small — to be measured in minute fractions, — milliontli- 
partB, perhaps, — of an inch. So far as experiments go. how- 
ever, silver has the amallest range of all, then gold, then 
copper. Platinum and nickel have a considerably wider 
lange, plumbago and retort-coke a still wider one. 

It is an extremely difficult matter to decide what is the 
precise nature of that which goes on at a point of contact 
between two conductors when the pressure at the ptiint is 
altered, Tlie principal suggestions hitherto advanced have 
been that the change of resistance observed is due : — 

(a) To the mere changes in the amount of surface in contact. 
(6) To a change in the resistance of the substance of the 
conductor iUelf. 

(c) To the formation of a minute voltaic " arc," or electric 

discharge. 

(d) To the change in the thickness of the intervening film 

of air. 
(f) To the change in resistance of the parts in contact con- 
sequent on the evolution of heat by the current. 

It is admitted that tills last suggestion, though it might 
account for a dilTerence between di9"erent substances, in so 
far as they differ from one another in the effect of heal upon 
their specific resistance, implies as a preliminary fact that 
the amount of surface in contact shall bo varied by the pres- 
sure. No convincing proof has yet been given that the 
alleged layer of air or other gases has any real part to play 

the phenomena under discussion. Nor can the hypothesis, 
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that minute voltaic arcs are formed at the contact be regarded 
as either proven or probable. 

The only two theories that have really been investigated 
are (a) and (6) of the above series. Of these two (b) is cer- 
tainly false, and (a) is probably, at least to a very large 
extent, true. 

It is often said by persons imperfectly acq^uainted with the 
scientific facts of the case, that carbon is used in tele- 
phone-transmitters, because the resistance of that substance 
varies with the pressure brought to bear upon it, wliilst with 
metals no such effect is observed. This statement, taken 
broadly, is simply false. Mr. Edison has, indeed, laid claim 
to the " discovery " (i*uie Preacott's ' Speaking Telephone,' 
p. 223), that "serai-conductors," including powdered carbon 
and plumbago, vary their resistance with pressure. All that 
Mr. Edison did discover was that certain substances, whose 
properties of being conductors of electricity had been known 
for years, conducted better when the contact between them 
was screwed up tightly than when loose. The experiments 
made to test this alleged " property " of carbon are absolutely 
conclusive. The author of this book has shown * that when 
a rod of dense artificial coke-carbon, such as is used in many 
forms of telephone transmitters, such as Crossley's for 
example, is subjected to pressure varying from less than one 
dyne per square centimetre up to twenty-three million times 
that amount, the resistance of the rod did not decrease by so 
much as one per cent, of the wliole. In this case any doubt 
that might have been introduced by variable contact was 
eliminated at the outset by taking the precaution of electro- 
plating the contacts. 

In 1879, Professors Naccari and Pagliani, of the University 
of Turin, published an elaborate series of researches t on the 
conductivity of graphite and of several varieties of coke-carbon, 
and found, even with great changes of pressure, that the 
changes of electric resistance were practically too small to be 
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capable of being measured, and that tlie only changes in 

resistance appreciable were due to changes of contact 

In January 1882, Mr. Herbert Tonilinson communicated to 
the Royal Society " the results of experiments on a number 
of electric conductors. The change of conductivity by the 
application of stress was found to be excessively small. For 
carbon it was less than one-thousandth part of one per cent, 
for an increase of fifteen lbs. on the square inch in the pressure. 
For iron it was slightly greater, and for lead nearly twice as 
great, but with all other metals leas. If this alleged pro- 
perty were the one on which the action of telephone trans- 
mitters depended, then lead ought to be twice as good a 
substance as graphite ; whereas it is not nearly so good. 

Professor W. F. Barrett, in 1879,t made some experiments 
on tlie buttons of compressed lamp-black used in Edison's 
transmitter, and found that when an intimate contact was 
satisfactorily secured at the beginning, " pressure makes no 
cliange in the resistance." 

In the face of all this precise evidence, it is impossible to 
maintain the theory that the electric resistance of plumbago 
or of any other such conductor varies under pressure. The 
only person who has seriously spoken in favour of the theory 
is Professor T. C. Mendenhall, but in Ms experiments he took 
no precautions against variability of contacts, so that his 
conclusions are invalid. 

More recently still, Mr. 0. Heaviside and Mr. Shelford 
Bidwell have experimented on the variations of resistance at 
points of contact.} Mr. Heaviside's experiments were con- 
fined to contacts between pieces of carbon, and though ex- 
tremely interesting as showing that the resistance of such 
contacts are not the same, even under constant pressure, when 
currents of different strength are flowing, do not throw much 
light on the general question, because they leave out the 
parallel case of the metals. Mr. Bidwell's very careful 
researches were cliiefly confined to carbon and bismuth. The 
• Proc. Roy. Soc. No. 218, 1882. 
t S.-e Proc. Hoy. Dubl. Soc Feb. 17, 1879. 
j Virio 'The Electricisn,' Feb. 10, 1883. 
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choice 13 unfortunate, because bismutli the most fusible and 
■worst conductor amongst metals (save only quicksilver) is 
the one metal least suited for use in a telephone transmitter. 
Mr. Bidwell's concluaiona, so far as they are comparative 
between carbon and " the metals," are therefore necessarily 
incomplete. 

Professor D. E. Hughes, whose beautiful invention, 
Microphone, attracted so much attention in 1878, has lately 
thrown the weight of bis opinion in favour of the \iew that 
with carbon contacts the effect is due chiefly to an electric 
discharge or arc between the loosely-contiguous parts. But 
Professor Hughes's innumerable experiments entirely upset 
the false doctrine that a "semi-conductor" is necessarily 
required for the contact-parts. Speaking recently,' he has 
said : " I tried everything, and everything that was a con- 
ductor of electricity spoke." In 1878, in a paper "On the 
Physical Action of the Microphone," Professor Hughes 
stated : t " the best results as regards the human voice were 
obtained from two surfaces of solid gold." Hughes also 
found carbon impregnated with quicksilver in its pores to 
increase its conducting power to work better than non- 
metallised carbon of inferior conductivity. Quite lately 
Mr. J. Munro has constructed successful transmitters of 
metal gauze, having many points of loose-contact between 
them. 

It seems, therefore, much the most probable in the present 
state of investigations, that the electric resistance of a contact 
for telephonic purposes is determined solely by the number 
of molecules in contact at the surface, and by the specific 
conductivity of those molecules. The element of fusibility 
comes in to spoil the constancy of the surfaces in action ; 
and hence the inadmissibility of general conclusions with 
respect to all metals drawn from the behaviour of the most 
fusible of them. At a mere point in contact physically with 
another point, there may be hundreds or even millions of 
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molecules in contact with one another, all acting as so many 
paths for the flow of the electric current An extremely 
small motion of approach or recession may suffice to alter 
very greatly the number of molecules in contact, and the 
higher the specific conductiWty of the substance, and the 
denser its molecules, the shorter need be the actual range of 
motion to bring about a given variation in tfie resistance 
offered. Just as in a system of electric lamps in parallel arc, 
the resistance of the system of lamps increases when the 
number of lamps through which the current is flowing is 
diminished, and diminishes when the number of lamps con- 
necting the parallel mains is increased ; so it is with the 
molecules at the two surfaces of contact. Diminisliing the 
number of molecules in contact increases the resistance, 
and vice versa. Each molecule as it makes contact with a 
molecule of the opposite surface diminishes, by so much rela- 
tively to the number of molecules previously in contact, tlie 
resistance between the surfaces. Each molecule as it breaks 
from contact witli its opposite neighbour adds to the resistance 
between the contact-surfaces. It may therefore be tliat the 
variations of resistance wliich are observed at contacts between 
all conductors, from the best to the worst, are alt made up, 
though they apjirar to pass tlirougli gradual and coutinuous 
changes, of innumerable minute makes-and-breaks of mo- 
lecular contact The very minuteness of each molecular 
make-or-break, and the immense number that actually must 
occur at every physical " point " of contact, explain why the 
effect seems to us continuous. We owe, moreover, to Mr, 
Edison " the experimental proof that actual abrupt makes- 
and-breaks of contact can produce an undulating current 
wlien* they recur very rapidly. Wlietlier the heating action of 
the current itself may not also operate in changing the con- 
ductivity of the molecules which happen at the moment to be 
in contact is another matter, it may be so; but if this 
should hereafter be demonstrated, it will but confirm the 
contact-theory of these actions as a whole. 
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Assuming, then, broadly, that the observed resistance at al 
point of contact is due to the number of molecules in contact ' 
and to their individual resistances, it is evident that the 
property of varying resistance at contact ought to be most 
evident, ceteris paribus, in those substances which are the best 
conductors of electricity. Unfortunately, the cetera are not 
paria. for the question of fusibility comes in to spoil the 
comparison ; and carbon, which has less fusibUity than the 
metals, is commonly credited with giving a better result than 
any. This common opinion is, however, based on compariaona ■] 
made without taking into consideration the question of range J 
of motion between the parts in contact, aTid without taking 
into consideration the point that whilst some forms of carbon 
are excellent conductors, otliers do not conduct at all. In 
a telephonic transmitter so arranged that the actual range 
of motion shall be veiy small, the metals are just as good 
aa carbon — some of them better. I have heard from a trans- 
mitter with contacts of pure bright silver better articulation 
than with any carbon transmitter. And this is exactly what 
theory would lead one to expect. As to the suggestion that 
plumbago makes a successful transmitter, because it is a 
" semi-conductor " — whatever that term may mean ' — it is 
one of those suggestions which are peculiarly fitted to catch 
the unscientilic mind as affording an easy explanation for an 
obscure fact; unfortimately, like a good many other similarly 
catching suggestions, it is 7wt true. The very best conductor 
— silver — will serve to transmit articulate speech: and so 
will the one of the very worst conductors — lamp-Uack .' So I 
much for this fallacious doctrine of semi-conductors ! I 

• The term "BetDi-conductof " is very raretj us«l by electricJftiiB, who 
prefer the terra "partial conductor" as being more correct. Moreover, 
elcctriciaDB, from Faraday downwards, are practically agreed iu calling 
jiliimbago a good cuQiJucUir, and worthy of being claBsified by reason of ita 
high conductivity along with the metals. The EubataQces known as 
" semi-oonductora " are those given in Ferguson 'a 'Electricity,' p. 49 
(edition of 1873), namely, alcohol, ether, dry-wood, marble, pa[)cr, straw, 
and ice. Mascart aod other emioeot authorities agree in this classification. 
It would U» even Mr, Edison's unriralled ingenuity to make of theM ] 
mRterials a transmitter that should all«i its resistance by pressure! 
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Reis used for his contact-points substances which, by reason 
of their non -liability to fuse or oxidize, were customary in 
electrical apparatus, and chieSy platinum. In his earliest 
transmitter (model ear), and in his last, platinum was used. 
In his lever-form of transmitter, so minutely described by 
von Legat, the material is not specified. The lever-shaped 
contatt-piece was to be a conductor, and as light as possible, 
and since all metallic parts are particularly described as 
metallic, whilst this is not so described; the obvious inference 
b that tliis was non-metallic. The number of light, non- 
metallic conductors is so few that the description practically 
limits choice to some form of hard carbon. No other ma- 
terials are named by Eeis, but Pisko says (p. 103) that brass, 
steel, or iron might be used for contacts. Any one of these 
materials is quite competent, when made up into properly- 
adjusted contact-points, to vary the resistance of a circuit 
by opening and closing it in proportion to the vibrations 
imparted to the contact-points. That is what Eeia's trans- 
mitter was intended to do, and did. That is what all the 
modem transmitters — Blake's, Berliner's, Crossley's, Gower- 
Bell's, Theiler's, Johnson's, Running's do, even including 
Edison's now obsolete lamp-black button transmitter. Mr. 
SheUord Bidwell has very well Summarized the action of the 
current-regulator in the following words : " The varying 
pressure produces alterations in the resistance at the points 
of contact in exact correspondence witli the phases of the 
sound-waves, and the strength of a current passing through 
the system is thus regulated in such a manner as to fit it for 
reproducing the original sound in -a telephone." 

Keia constructed au apparatus consisting of a tympanum 
in combination with a current-contact-regulator, or " inter- 
ruptor," which worked on this principle of variable contact, 
and he called it " The Telephone " (see pp. 67, 85). The very- 
same apparatus we now-a-days call a " Telephone-trans- 
mitter," or simply a " transmitter." It is curious to notfi 
that Reis seems to have regarded Ms receiver or " reproducing- 
apparatus " as no new thing. He says explicitly (p. 56) 
that hia receiver might be replaced by " any apparatus that 
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produces Uie well-knowu galvanic tones." " The Telephone" 
was with Eeis emphatically the traiismitter. Bell in 1876 
invented an instrument which would act either as transmitter 
or receiver, and which, though never now used as trans- 
mitter, is still called " a Telephone." Edison's " sound-tele- 
graph," or " telegraphic apparatus operated by sound," was 
patented in 1877. In his specification /le -never called his 
transniilter a " tdcpkone;" that name he reserved exchisivelv 
for his receiver. He found it, however, convenient a year 
later to rechristen his transmitter as the " carbon fdephojif," 
though throughout the whole of his specification neither 
"carbcm" nor "telephone " are Tneniionfd in connection with the 
transmitter ! Within that year Hughes had brought out 
another instrument — " The Microphone " — which, like Reis's 
instrument, embodied the principle of variable contact. 
Hughes's instrument, usually constructed with contacts made 
of loose bits of coke-carbon, was simply a Reis's Telephone 
minus the circular tympanum ; and the really important new 
fact it revealed, was that very minute vibrations, such as those 
produced by the movements of an insect, when transmitted 
immediately through the wooden supports, sufficed to vary the 
! of a telephonic circuit, though far too slight in 
affect it if they had to be first communi- 
cated to the air and then collected by a tympanum. Put a 
specific tympanum to a Hughes's microphone, and you get a 
Reis's telephone. Take away the tympanum from a Reis's 
telephone, and you get a Hughes's microphone. Hughes is 
not limited to one material, nor is Reis. But the fundamental 
principle of the electrical part of each is identicaL The Biake 
transmitter (Fig. 44), and the Berliner transmitter, and also 
Ludtge's microphone," which was even earlier than that of 
Hughes, are all embodiments of the same fundamental 
principle of variable contact which Reis embodied in his 
" Telephone." 

The numerous experiments which Reis made, and the many 

• Liidtge's Germou Palent, daled Jan. 12, 1878,tl«»cribc8 a " Uoivfrrtal 
TelephoQe" in which a tympanum was applie-i to convey vibraliona to an 
iDtcrruptur mailn of bard coke-caiboa. 
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forme of instruments which he devised, prove Ma conviction 
of the importance of his invention to liave been very 
deeply rooted. He had indeed penetrated to the very soul 
of the matter. He did not confine himself to one kind of 
tympanum, he tried many, now of bladder, now of collodion, 
now of isinglass, and now of thin metal. He varied the forms 
of his instruments in many ways, introducing the element of 
elasticity by springs and adjusting-screws. Though he 
chiefly employed one metal for his contact-pieces, he did not 
limit himself to that one, but left us to infer that the principle 
of variable contact was applicable to any good conductor, 
metallic or non-metallic. He knew better, indeed, than to 
limit himself in any such fashion ; better, indeed, than some 
of the eminent persons who are now so willing to ignore his 
claims. Modern practice has taught us to improve the 
tympanum part of Reis's invention, and to obviate the incon- 
veniences to wliioh a membrane is liable : in that part we have 
gone beyond lieis. But in the question of contact-points 
for opening and closing the circuit in correspondence with 
the vibrations, we ai'c only beginning to find how much lleis 
was a-head of us. We have been thrown off the track- 
blinded perhaps — by the false trail of the " semi-conductor " 
fallacy, or by the arbitrary and unnatural twist that has been 
given by telegrapliists to Heis's expression, " opening and 
closing the circuit," forgetting that lie practically told us that 
this operation was to be proportional to, " in correspondence 
with," the undulations of the tympanum. When we succeed 
in freeing ourselves from the dominance of these later ideas, 
we shall see how much we still have to learn from Pliilipp 
Beis, and how fully and completely he had grasped the 
problem of the Telephone, 
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APPENDIX III. 

Comparison of Reis's Recrivers with Recent Instruments. 

The receivers invented by Reis for the purpose of reconvert- 
ing into audible mechanical vibrations the varying electric 
currents transmitted from the speaking end of ih% line were 
of two classes, viz. : 

(1.) Those in which the magnetic expansion and contraction 
of a rod of steel or iron, under the influence of the varying 
current, set up mechanical vibrations and communicated them 
to a sound-board. 

(2.) Those in which the current by passing round the coils 
of an electro-magnet caused the latter to vary the force with 
which it attracted its armature, and threw the latter into 
corresponding mechanical vibrations. 

The first of these principles is embodied in the " knitting- 
needle" receiver described above and depicted in figures 
22 & 23 on page 33. This receiver differs wholly from 
the later instruments of Bell, and others, and depended for 
its action upon the phenomenon of magnetic expansion 
discovered by Page and investigated by Joule. It was well 
known before Reis's time that when a needle or bar of iron 
was magnetised it grew longer, and when demagnetised it 
grew shorter. Page detected the fact by the " tick " emitted 
by the bar during the act of magnetisation or demagnetisation. 
Joule measured the amount of expansion and contraction. 
To these discoveries Reis added two new facts ; first, that if 
the d^ree of magnetisation be varied with rapid fluctuations 
coiresponding to those of the sound waves impressed on the 
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tranBDiitter, the expansion and contraction of the rod followed 
these fluctuationa faithfully, and therefore emitted at the 
Teceiving end sounds Bimilar to those uttered at tlie trana- 
mitter. Sfcondli/, by employing a needle of stal instead of 
the bar of iron used by Page, lieia obtained an instrument 
which once used could never become completely demagnetised 
on the cessation of the current ; it was thenceforth apemunitnt 
magnet, and all that the fluctuating currents could do waa to 
vary ita degree of magnetisation, Eei3 carefully explained 
in hia memoir " On Telephony," how the frequency of such 
fluctuationa in the magnetising current could act in repro- 
ducing the pitch, and further, how the amplitude of the 
fluctuationa set up vibrations of corresponding amplitude in 
the rod r he added with significance, that the quality of the 
reproduced note depended upon a number of variations of 
amplitude occurring in a given time. His theory of these 
actions was that the atoms (or perhaps our modern word 
mdecules would more correctly represent what Keia spoke of 
as atoms) of the rod or needle were pushed asunder from one 
another in the act of magnetisation, and that on the cessation 
of the magnetising influence of the current, these same atoms 
strove to return to their previous position of equilibrium, 
and thus the oscillationa of the atoma led to the vibration of 
the needle aa a whole. Whether all Reis's speculations as to 
the behaviour of the atoms under varying degrees of magnetis- 
ing force are justified in the present aspect of science or not, 
ia, however, not of any great importance ; the important point 
is, that, whether liis theory be right or wrong, the instrument 
he devised will perform the function he assigned to it : it 
will reproduce speech, not loudly, but in reality far more 
articulately than many of the telephonic receivers in nao 
under the names of Bell. Gower-Bell, &c. 

One very curious point iu connection with this " knitting- 
needle" receiver of Reis, is its extremely bad acoustical 
arrangements. It was laid horizontally upon a small sound- 
ing-box covered by a lid. If the aid of the needle had been 
made to press on the resonant-lward (aa indeed appears to 
have been done at first with the violin, p. 29) the vibrations 
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would have been much more directly reinforced. But when 
merely BUpported by two wooden bridges the direct com- 
munication was largely lost. The pressure of the lid down- 
wards upon the spiral, aa recommended by Reis, ia no doubt 
an important matter acoustically. It is strange that a man 
who had grappled in so masterly a way with the acoustical 
problem of the transmitter, and had solved it by constructing 
that transmitter on the lines of the human ear, should not 
have followed out to the same extent those very same 
principles in the construction of his receiver. An extended 
surface he did employ, in the shape of a sounding-board ; but 
it was not applied in the very best manner in this instru- 
ment. 

The second principle applied by Reis in the constnictii 
of his telephone-receivers, was that of the electro-magnet. 
He arranged an electro-magnet so tliat the fluctuating 
currents passing round the coils set up corresponding 
variations in the degree of force with which it attracted ita 
armature of iron, and so forced the latter to execute corre- 
aponding mechanical vibrations. This principle ia common 
both to the receiver of Reis, and' to the later receivers of 
Yeates, Bell, and Edison. Reis's armature was an iron bar 
of oval section ; Yeates'a an iron atrip screwed to a sound- 
board. Bell's was an iron plate, and Edison's an iron plate 
also. 

For the better comparison of Reis's electro-magnetii 
receiver with those of more modem date, we here present in 
Fig. 46 a comparative view of a number of different forma of 
receiver in which Reis's principle of causing an electro- 
magnet to set up vibrations in an armature is applied. In 
this set of figures, A and B are the suggested forma mentioned 
in the letter of Mr. Horkheimer, p. 119, and show an electro- 
magnet, opposite the poles of which is placed an armature 
(a bar) which must be of iron or other metal capable of 
having magnetism induced in it, and which, by reason of its 
attachment to an elastic spring, ia capable of being made to 
oscillate to and fro when attracted with a varying force. 
Reis clearly recognised the necessity of further providing a 
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mflicient resounding surface by means of wliicli the surround- 

' ing air could be set in motion ; for in the case of theae two 

suggestions the eleetro-oiagnet and ita elastically-mounted 

armature were placed within a cigar box. C ia a plan of the 




I receiving instrument previously described and figured in 
Plate 11. and in figures 21 and 34 on pages 32 and 109. 
In this instrument the electro-magnet was horizontal, the 

^ armature, a bar of iron of oval section (wliich in the original 
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notes, each of which ia to be signalled out and repeated by a 
receiver adapted to vibrate in that note alone, it is clear that 
the instruments of Eeis, adapted as they were to transmit 
and receive any sound that a human ear can hear, ■would not 
answer. Acconiingly those experimenters, who from about 
the year 1873 to the year 1876, applied themselveB to 
multiple telegraphy — foremost amongst them being Mr. 
Elisha Gray and Prof. Graham Bell — dropped the use of the 
tympanum in the transmitter and devised new transmitters 
and new receivera, in most of which the ruling idea was that 
of employing a vibrating tongue or reed, tuned up to one 
particular note. Now it is obvious that a receiver which, 
like those of Reis, is adapted to receive any tone, can also 
receive a musical note. But for the operation of " selective " 
reception, a receiver must be employed, not only tuned to 
one note, but tuned to the very note emitted by the particular 
transmitter with which it is to be in correspondence. 
Elisha Gray found this out very early in his researches. In 
the winter of 1873-4 ■ he was transmitting musical tones by 
a sort of tuniug-fork intemiptor, and received them on an 
instrument shown in Fig. 46 E, which represents a form of 
electro-magnet mounted for the purpose. It was " a common 
electro-magnet, having a bar of iron rigidly fixed at one pole, 
which extends across the other pole, but does not touch it by 
about one sixty-fourth part of an inch. In the middle of 
this armature a short post is fastened, and the whole is 
mounted on a box made of thin pine, with openings for 
acoustic effects." It was, in fact, very similar to Yeates's 
receiver just described, and Gray found it capable of receiv- 
ing not only simple musical tones but composite tones, and 
even harmonies and discords. In fact, like lieis's and 
Yeates's receivers, it could receive anything that the trans- 
mitter sent to it, even including speech. Now this did not 
suit Gray, who wished to have selective receivers, one to take 
up note A, another note C. &c. Accordingly in 1876 we find 
Gray taking out a fresh patent t for selective receivers, which 

■ S«o Prescott'a 'Speaking Telephone,' p, 158. 

t * British Pateat,' No. 187-1, of the year I87C (<la(ed 4tb May). 




he also called harmonic analysers, each of w-liich consisted of 
" a tuned bar or reed suitably attached to an electro-magnet, 
and the whole mounted upon a resonant box." Fig. 46 F is 
reproduced from Gray's British patent. " A vibrating tongue 
reed, or bar " of steel " is united with one pole of the magnet. 
The free end of the reed passes close to, but does not touch 
the other pole of the magnet." Gray further says that the 
reed is made with parallel sides and tuned by cutting it 
away at one point, as this mode prevents false nodal vibra- 
tions from occurring. 

Selective receivers for multiple telegraphy were ah 
invented by Graham BelL The form shown in Fig. 46 / 
transcribed from Fig. 15 of Bell's Specification to his British 
Patent, No. 4765. of the year 1876 (dated 9th December), 
which the inventor thus describes : " It is preferable to 
employ for this purpose an electro-magnet E, Fig. 15, having 
a coil upon only one of its legs. A steel spring armature A 
is firmly clamped by one extremity to the uncovered leg h of 
the magnet, and its free end is allowed to project above the 
pole of the covered leg." In fact the arrangement was 
almost identical with, but not quite as good mechanically as 
that patented seven months previously by Gray. The in- 
ventor further said that a number of these instruments 
might be placed on one circuit, and that if one of them 
were set in vibration, only those would respond which were 
in unison with its note ; and further that " the duration of 
the sound may be used to indicate the dot or dash of 
the Morse alphabet, and thus a telegraphic despatch may 
be indicated by alternately interrupting and renewing tlie 
sound." 

Anything more totally different from Reis's telephone 
than these selective harmonic telegraphs with their tuned 
tongues can hardly be imagined. Reis was not aiming at 
selective harmonic telegraphy ; he wanted his one instrument 
to transmit every sound that a human ear could hear. He 
did not dream of using a tuned bar or reed ; his typical 
structure was the tympanum of the ear. In fact, as we have 
seen above, the tuned reed or tongue was introduced into 
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telegraphy for the purpose of tranamitting single selected 
notes to tlie exclusion of all others. 

Strange thougli it may seem, a tongue receiver like those 
of Graham Bell and of Gray just deacribed can be used for 
receiving speech ! It ia true, as Gray remarks, that a thick 
bar of steel, cut away as described, is best adapted for its own 
tone only. But Bell's thin steel tongue, though it has ita 
own fundamental note (and so has every tympanum, for that 
matter) when left free to vibrate in its own time, will re- 
produce any other note or sound that may be forced upon it 
ty the varying attraction of the electro-magnet. There is, 
indeed, the whole difference between " free " and "forced" 
vibrationB, One of the strangest delusions that has somehow 
grown up in recent t«lephonic discussions is the almost 
incredible proposition that a tongue cannot talk because it is 
a tongue. It would be equally veracious to affirm that an 
ear {i.e. a tympanum) cannot hear because it is an ear. 

But leaving harmonic telegraphy and its " tuned bars," 
both Gray and Bell applied themselves to the old problem of 
transmitting human speech. What was theii- very first stflp ? 
They threw away their " tuned bars " and " steel springs," 
and returned to the tympanum ! Elisha Gray devised the 
receiver shown in Fig. 46, Q, taken from his caveat of date 
Fehruary 14, 1876.* In that document Gray says : "My 
present belief is that the most effective method of providing 
an apparatus capable of responding to the various tones of 
the liiunan voice, is a tijmpaiium, drum, or diaphragm," 
stretched across one end of a chamber. He adds that in the 
receiver there is (see Fig. 46, G) an electro-magnet, acting 
upon a diaphragm to which is attached a piece of soft iron, 
and which diaphragm is stretched across a vocalising 
chamber. 

Graham Bell's receiver (the American specification of 
■which was filed tlie same day as Gray's caveat) is shown 
(in the form patented in Great Britain, Dec. 9, 1876) in 
Kg. 46 H, which is taken from Fig. 19 of Bell's British patent. 



' Prescott, ' SpeakiQit Teleplwoe,' p. 203. 
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" The armature," says the inventor, " is fastened locisely 
one extremity to the uncovered leg, A, of the electro-magnet J^' 
and its other extremity is attached to the centre of a stretched 
membrane." The armature, in fact, waa capable of vibrating 
like a pendulum on its pivot, but was elastically restrained 
by its attachment to the tympanum; the armature would 
therefore vibrate in perfect correspondence with any vibra- 
tions forced upon it by the electro-magnet. This instmment 
as also that of Gray, was admirably adapted to receive spei 
for it embodied the three essential points wliich Eeis 
already discovered : viz., iirstly, that the armature mtist be 
iron, or capable of being acted upon by magnetic induction 
secondly, tliat it must be elastically mounted ; thirdly, that 
it should present an extended surface. Bell's form of receiver 
had the advantage over Keis's (compare p. 158), that itB, 
extended surface was a true tympanum of membrane, and' 
not a mere broad thin plank. Being a tympanum, it there-' 
fore realised Reis's fundamental notion of imitating the 
human ear more fully than even Eeis's own receiver did. 

Figures 46, J. K, an<i L represent tbe more recent types of 
receiver of Bell and Edison. Fig. 46 J is reproduced from 
Fig, 20 of Bell's British Patent, and shows tbe substitution 
of a thin steel plate, attached to a frame, in front of the electro- 
magnet, for the membrane and iron armature. This form of in- 
strument also embodies Eeis's tliree principles— but with this 
improvement, the armature capable of inductive action, the 
elastic mounting, and the extended surface, are here all united 
in one organ, the thin flexible tympanum of steel. Apart 
from this unification of parts there is absolutely notliing in 
tliis form of Bell's receiver, that Eeis did not invent fourteen 
years before. Bell's great and most signal improvement was 
not this beautiful mechanical modification of the Eeis 
receiver, but lay in the entirely new suggestion to use such a 
receiver as a Iransmitter to work by magneto-electric induc- 
tion. Two of Eeis's receivers (Fig. 21) if coupled up with 
a battery will talk together as transmitter and receiver: but 
Eeis did not know and never suggested this. Two of Yeates's 
receivers (Fig. 42) if coupled up with a battery will talk 
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togetlier as transmitter and receiver ; but Teates did not know 
and never suggested this. Bell did discover this, and thereby 
invented a transmitter which, though now abandoned as a 
transmitter, for want of loudness, wa.^ more reliable than the 
anterior transmittera of Eeis had been. He made another 
discovery, presently to be alluded to — that of putting a 
permanent magnet into the transmitter, to enable him to 
ense with the battery ; but beyond this and the other 
mechanical simplificatioua previously mentioned, all that he 
discovered may be summed up by saying that he found out 
tiiat a receiver constructed on Ecis's principles could work as 
ft transmitter also. That was Bell's really great and im- 
portant discovery which took all the world by storm at the 
Centennial Exhibition of 1876. 

Bell subsequently added to his claims the substitution of 
a permanent magnet with an iron pole-piece, in place of the 
simple electro-magnet, thus enabling him to transmit his 
fluctuating currents without the trouble of using a battery, 
and the Bell transmitter, thus modified, is used to this day aa 
a receiver. Reis had in his " knitting-needle " telephone, 
employed a permanent magnet of steel to serve as a receiver. 
He had not, however, applied it as Bell did to attract a plate 
of thin steel. 

Fig. 46, K, exhibits a form of electro-magnetic receiver 
described in Edison's British Specification, No. 2909, 1877, 
Fig. 24. This instrument, though patented seven months 
after BeU's instrument, differs from it in no point of im- 
portance. Its armature was a thin plate of iron, elastic, and 
having an extended surface ; being, in fact, a tympanum. 

No one can examine the set of receiving instruments col- 
lected in Fig. 46 without being struck wiih the extraordinary 
similarity of design which pervades the entire series. In 
every one of the set there is an electro-magnet, the function 
of which is to set an armature * into vibration by attracting it 
with a variable force. In every one the armature is of a 

* Yet Bell's claim (British Patent SpeciBcatioo) mns; "I cUim the 
production tf any given sound or Bounda from the arToaturi of the 
Mceiring inatrutnnil." 

M 2 



164 



PHiLIPP REia, 



material capable of magnetic induction ; that is to say, iron, 
steel, or equivalent material. In every one of them the arma- 
ture is either elastically mounted, or is in itself elastic. In 
every one of them (save only the two quite recent forms, F and 
/, which were intended not to speak, but to emit only one fixed 
musical note) there is an extended surface (either a sound- 
board or a tympanum) to communicate the vibrations to the 
air. Lastly, every one of these forms, when connected with 
the line through which the telephonic currents are being 
transmitted, is perfectly capable of reproducing articulate 
speech. But the inventor who had the genius to discover 
all these essential points, and to combine them in an instru- 
ment, and to use it to reproduce articulate speech, is surely 
the true inventor of the system. The inventor of the system 
embodying these essential points was Philipp Beis. 
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APPENDIX IV. 
On the Doctrine of Unddlatory Currents, 

"In ihii Specification the thrre wordt ' otcUlation,' 'vibration,' and 
' tindulalion,' ore used tynonynioiu.ly.'' — Gntbam Bail, U.S. Patent, 
No. 174, 465, died Feb. U, 18T6. 

In the preceding appeodicea it has been demonstrated that 
all that is esgential in both transmitter and receiver of a 
Telephonic system was to be found existing in 1863 in the 
Telephone of Reia. There yet remains to be met the doc- 
trinaire objection that as Eeis never explicitly mentions an 
undtilatory current as distinguished from an intermittent 
one, he never intended to use auch a current. This objection 
is advanced only by those persons who have committed 
themselves to the idea that speech cannot be transmitted by 
a transmitter which opens and closes the circuit. 

It is certain that Eeis did not in any of his writings ex- 
plicitly name an undulatory current : but it is equally 
certain that, whether he mentioned it or not, he both used 
one and intended to use one. He did not concern himself 
as to the precise manner in which the current fluctuated 
provided only he attained the end in view — namely, that the 
vibrations of the armature of the receiver should be similar 
to those of the transmitter. This he did lay down with great 
clearness and emphasis as his guiding principle ; and he cared 
not about the intermediate question as to how the current did 
the work. He told the world that the electromagnet at the 
receiving end must be magnetised and demagnetised corre- 
spondingly with the vibrations imparted by the air to the 
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tympamun of Ma transmitter, in onier that the annatore 
might be set into vibrations similar to those of the speaker'a 
voice. If the tympanum of the transmitter vibrated or 
oscillated or undulated — the terms are synonymous — so must 
the armature of the receiver. Graham Bell has told us pre- 
cisely the same thing : " The current traversing the coils of 
the electromagnet S occasions an increase and diminution in 
its intensity " [that is to say, magnetises and demagnetises 
it], " and the armature A^ is thrown into vibration "... 
" and thus imparts to the air at n' a facsimile copy of the 
motion of the air that acted upon the membrane n." Bell 
agrees then absolutely in every detail with what Reis said 
on this point, Tliat sound-waves should be transmitted by 
a Telephone requires indeed a process of several stages. 
(1.) The sound-waves must strilte upon the tympanum of. 
the transmitter and make it undulate, or, oscillate, or vibrate 
— whichever term yon please— in a corresponding manner. 
(2.) The undulating tympanum must act upon the circuit, 
and either itself induce undulatiug or nbrating currenta 
(Bell's plan, by magnetic induction), or else throw a current 
already flowing there, into undulations, or vibrations, or 
oscillations (Reis's plan, by varying contact-resistance), but 
in either case these undulations of the current must corre- 
spond to the original undulations of the air-wavea (3.) The 
undulating, or vibrating, or oscillating current mtist run 
round the coils of the electromagnet and cause its magnetic 
force to undulate, or oscillate, or vibrate by demagnetising 
it and then magnetising it, but this also must be in a manner 
corresponding to the original undulations. (4.) Further, the 
armature of the receiver must be set into undulations, or 
vibrations, or oscillations corresponding to those of the force 
of the electromagnet, and therefore to the undulations of the 
current that is magnetising and demagnetising it, and there- 
fore identically corresponding with the original undulations 
of the sound-waves. (5.) The armature must communicate its 
vibrations to the air and to the ear of the listener. Of these 
successive stages Eeis explici'" " I the world that his instru- 
ment was to do the first o last three, and he several 
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times emphasized the statement, tliat the final undulations of 
the last stage were to be similar to the original undulations 
of the first stage. The air at the listening end, the armature 
of the receiver, and the magnetism of the magnet, were all 
to be set by the fluctuations of the current into undulations 
corresponding with those of the tympanum at the speaker's 
end, and of the waves of hia voice. It is perfectly clear 
therefore, that he regarded aa self-evident the intermediate 
stage, and he did not dwell upon the necessity of the point, 
that his transmitting-curreut must also vibrate, because this 
was obviously so, and was only an intermediate matter of 
secondary moment. He chose rather to point out the ne- 
cessity of unification between the first and last stages, leaving 
it to common senatf to see that the " intemiption " or the 
" opening and closing " of the circuit must be effected in a 
manner corresponding to the undulations of the impressed 
sound-wave. Had the " interruptions " not been of the nature 
of corresponding variations of contact, the current could not 
have been set into corresponding vibrations, and the armature 
of the electromagnet could not have reproduced the vibrations 
of the transmitter. Clearly Reia's whole conception of tele- 
phony included as a minor and intermediate step the fact 
that the current ^vas, by the action of the transmitter, caused 
to vary in strength in correspondence with the undulations 
of the tympanum^that, in fact, it was made to undulate 
by tlie action of the tympanimi and of the interruptor which 
opened and closed the circuit in obedience to the undulations 
of the tympanum and in proportion to them. 

A difficulty has been raised by telegraph operators that 
opening and closing the circuit means opening and closing 
the circuit in abrupt alternations of raake-and-break. Keis 
never said so. Eeis never used the phrase in this restricted 
and technical sense. He was not a professional telegraphist, 
and, as pointed out in Appendix I., he ao arranged his contacts 
with the following springs and other contrivances, that the 
" opening and closing" of the cii-ctiit should not and could 
not be abrupt. A Keis transmitter is no more a " make-and- 
break " instrument than the IShike transmitter is. Both will 




give undulatOTy currentB by opening and closing the circuit 
to a greater or less degree, if spoken gently to. Both will 
give abrupt naakes-and-breaks of the circuit if shouted to, in 
spite of the following-springs, which are used to prevent abrupt 
interruptions. ..The term " opening and closing " which Eeia 
applied to his transmitter, is used by him in exactly the same 
way aa the phrase la used by engineers in describing the 
action of the governing throttle-valve of a steam-engine. The 
function of the governor, we are told in treatises on en- 
gineering, is to open and close the throttle-valve in a manner 
corresponding to the fall or rise of the governor-balls. No 
one in his senses imagines that the opening and closing action 
here referred to means an absolutely abrupt intermittence in 
the supply of steam. If the governor-balls rise a little by 
increase of speed, there is a corresponding closing, propor- 
tionate in amount to the amount of rise. If any person were 
to impress an oscillatory motion of rise and fall upon the 
governor, the supply of steam would be thrown into corre- 
sponding undulations. The matter stands precisely so with 
Eeis's " intemiptor " or " regulator ; " it opens and closes the 
circuit in a manner correaponding with the undulations com- 
municated to it. If it did not, it would violate the principle 
of correajjondence so emphatically laid down by Reis. 

It is, however, true that Heis'a instruments, in spite of 
springs and adjusting screws, and other devices to prevent 
abrupt make-and-hreak occurring, were prone, by reason of 
the very lightness of the parts, to break contact, if too loudly 
spoken to. They share this fault with the more perfect 
transmitters of Blake and Berliner which are used to^ay so 
generally. The undulatory currents of these transmitters are, 
like those of Eeis'a transmitters, liable to an occasional abrupt 
interruption, which, though it may not seriously affect the 
intelligibility of the words, does, to some extent, mar the 
perfection of the articulation. Still, in practice, to judge 
by the inatruments used in the telephone exchanges of Great 
Britain, the Blake transmitter with its liability to make-and- 
brake abruptly is a more satisfactory instrument than the Bell 
transmitter, which is not used at all. Now the Bell trans- 



TyrENTOS OF TBE TELEPRONE. 169 

mitter working on the principle of which Bell is the firet and 
ondiaputed inventor, is one in which the degree of contact in 
the circuit la never clianged : for it works hy the principle of 
" induction," wherehy currents are aet up iu a circuit that is 
never opened or closed, either partially or wholly. Never- 
theless the Blake transmitter, which opens and closes the cir- 
cuit in proportion to the undulations of the tympanum, is the 
more satisfactory instrument for producing the undulating 
currents required to procure the all-essential correspondence 
between the undulations of the tympanum of the transmitter 
and those of the armature of the receiver. To sum the matter 
up, it appears that an instrument which opens and closes the 
circuit on Eeis's principle of transmitting is in practice a more 
Batiafactory transmitter of undulatory currents than Bell's 
transmitter which cannot open or close the circuit in the 
least, Iteis, with his instruments, transmitted speech — aa 
Herr Hold tells us (p. 126) — when the words spoken were not 
too loud. That is a proof that he did really use, whether he 
knew it or not, undulatory currents of electricity : and an 
undulatory current is none the less an undulatory current, 
even if occasionally abruptly interrupted. A speech is none 
the less a speech, even if the orator sneeze once or twice while 
speaking. Nay, we may go further, and say that an undu- 
latory current is an undulatory current, even though the 
finer ripples of the waves are lost in transniisaion. This is 
what seems to have been the case witli Reis's instruments as 
they were in 1861 and 1862. The consonants were satisfac- 
torily transmitted, and so were all musical tones within the 
range of the instrument. But the finer ripples of the vowels 
were lost somehow in transmission. Eeis, whose innate 
honour and modesty led him always rather to understate than 
overstate the facta, most frankly acknowledged tliis, nay even 
invited attention to the fact, and discussed the imperfection 
from a high scientific standpoint. He proposed to rely for the 
correctness of hia views upon the actual recorded curves of 
sound-waves, as taken down automatically hy the then 
newly-invented phonautograph of Scott (see p. GO), It ia 
perfectly marvellous how precise his views were upon the 
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correspondence between the graphic curve or wave-forrt' 
of a sound and the actual sound itself; a precision amply 
justified by the experience and the discoveries of the last 
ten years. 

This matter of representing sounds — or rather the varying 
density of the air in the sound-wave — by a graphic atrve, 
was a vital one to Rcis. Had he had a less clear view of the 
nature of sound-waves than that afforded by a graphic curve, 
I doubt whether he would ever have grasped the problem ot 
the telephone — that the final vibrations, or undulations, oi 
oscillations of the armature in the receiver must corrcipond 
■with — mnst be the very counterpart of — those of the tym- 
panum of tlie transmitter. The clearness with which Reis 
saw tliis is only surpassed by the clearness with which he 
expressed himself upon it. For bim a sound was simply a 
complicated series of variations in the density of the air, and 
capable, in all its complexity, of being represented by the 
rise and fall of an undulatory eurue. " Every tone, and every 
combination of tones, evokes in our ear vibrations ... the 
motions of which may be represented by a curve" (p. 54). 
" That which is perceived by the auditory nerve . . . viay be 
rejrroioUed graphically a-ccordirig to its duration and magnitude 
Jnj a carve "... (p. 53). " Our ear can perceive absolutely 
nothing more than is capable of being represented by similar 
curves " (p. 53). The curves with which he accompanied 
his original memoir — and now reproduced in facsimile, from 
Legat's plates, at the end of this volume — are evidence of 
the thoroughness of his grasp on tlie undulatory principle. 
And he explicitly states this principle amongst " the various 
requisite conditions which must be fulfilled by the trans- 
mitting and receiving apparatus for the solution of the problem 
that has been set " {Legat's Eeport, p. 71). He declared 
that so soon as it should become possible " at any place, 
and in any prescribed manner " (that is to say, whether by 
electric undulations or by mechanical undulations, as in 
the string of the toy telephone, or by any other means), " to 
set up vibrations whose curves are like those of any given 
tone or combination of tones," we should then receive the 
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same impression as that tone or combination of tones would 
have produced upon us. 

So much for Keis's principle of correspondence of undula- 
tions between the transmitter and the receiver ; we have seen 
how clear and precise, yet how comprehenaive it was, and how 
the general proposition necessarily included within itself, as 
an intermediate step, the particular minor proposition that the 
undulationa of the current must also be in correspondence 
with the voice. 

Keeping these points in mind, it is very remarkable that 
when Graham Bell, fourteen years later, followed Eeia " into 
the field of telephonic research," he selected the very same 
method of expressing the relations between sounds and the 
undulations which corresponded with them. To show how 
remarkably in agreement the views of Keis and Bell are upon 
thia question of representing by a curve the undulationa 
which correspond to the voice, we select the following para- 
graphs and place them in parallel columns. 



That which is porooived by 
th« auditory norvo . , . may 
be represented graphically, 
aoconiinf; to its duration and 
magnitude by a curve. — (Me- 
moir 'On Telephony' in the 
Jahreabericht of tho Phyaioal 
Society of Frankfurt - a. - M. 
18t)0-6I, p. 59.) [p. 53.] 

The height or depth of 
the sound produced . . . 
di-penils upon the number of 
vibrations made in a given 
time.— (ft. p. 63.) [p. 59,] 



The greater the condensa- 
tion of tho Boand-conduoting 



BeU. 

Electrioal undulations, in- 
duced by a body oapablo of 
inductive action, can be repre- 
sented graphically, without 
error by tho same sinuBoidal 
curve which eiprcBsea the vi- 
bration of the inducing body 
itself, and the effect of its vi- 
bration upon the air ; for, as 
stated above, therateof osciUa- 
tion in the electrical current 
corresponds to tho rate of vi- 
bration of tho iiidiicing l)ody 
— that is, to the pitch of the 
sound produced.— (Specifi- 
cation of U. S. Patent No. 
174,465, dated March 7, 1876.) 

The intensity of the current 
varies with the amplitude of 
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nindititn at nny ^ivmi numifitit, 
thft grnntor will U) tho ampli- 
tude of vlbrailmi of the tnotri- 
bmiio.- (ffc. |». ftH.) (p. 52.] 
. . . oaoh Unw in ilo|iun(l(«tit 
not only on tlio nnmlior of 
vitimtlonn of thn nin<linm, tmt 
alfio on thn oondeniatlon or 
rareteotlon of tho m\uw. - 

( tiOf(nt*N Mt^port, /oltHf thrift (hm 
1 ).-( )ofitnrr. IVh^j^r. Vnrninn, 
IHOM. p. I2r».) (p. 77.1 

liot UN nxhihit thn nonilonnn- 
tlon onrvnn for tlmm tonnn - 
nanh i«inf(ly (IMaU^ 1): tlinn, 
liy a(l(Un)( to^nthnr thi^ onli- 
nation nornmpondin^ Ut o(|uat 
ahiioiMiis wn oan dntnnuino 
nnw onlinainn and <lnvnlop a 
now ntirvn whioh wn may nail 

ihnoomblnatlon-ourve. Now 
thin givnM wn Jui«t nxanily what 
ottr nar |H<nM»ivna fn»ni thn 
threo ■Imultanooui tones. 
- ^Mnnioir M)n Tnlnphony/ 
p. 50.) |l>>A4.| 



DrU. 

tlin vibration — that in, with 
tho loitdnoMH of tho Honnd; — 

and tlio p<ilarity of tho current 
oorrnnpondN to tho direction of 
tho vibrating Ixnly, — that iH, 

to tho oondeniatlone and 
rarefaotloni of air produced 
by thn vibration. — (/6.) 



Thn oombinnd ofToct of A 
and n, whnn indmuMl mnitil- 
UnnouHly on tho aanio circuit, 
ifl nxpn^HNod by tlio curve 
A + H, Fig. 4, which ia the 
algnbrainal sum of tho ninu- 
noi<lat cttrvoN A and R Thia 
nurvn A + H alHo indiuat^^ntho 
actual motion tif tho air whnn 
two muilcal notoi con- 
nidnnnl are aoundotl ■Imul- 
tanoouily. . . . (77).) The 
nlnntrinal movomont, like tlio 
anrial nu>tion, can \k> n>pn»- 
w»ntnd by a HtnuHoidal ot»rvi», or 
by thn resultant of ■everal 
ninuMoidat curvet.- - (76.) 



*rbo vory nMuarkubln ngivnmont of thn proonding pasaagoa 
mnnivna a most atriking oonlirmation by oomimring tho 
ntirvna n»H|H»n(ivnIy tlrawn by Koia antl by Holl. Thnso aro 
fao^imilnd bnlow, l{niH*a " nombinalion "-nurvo (Fij». 47) fnuu 
riato 1. of bis Mnmoir (nUo IMato I. of ibis volumo)» and 
UolKa "rtwiltant "-ourvo. (Fi^. 48) fnun Fig. 4 of bia United 
StrtU^a rat4M\l S|H>oi Una lion No. I74.4(»r). 

Tho luiwt oaaual oKsnrvor oanuot fail U\ uotitH) bor« tliat 
tho throo linoa of undulatory ourvoa of Ikdla aiKvilioAtion 
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are practically identical with the three lower Knea of undu- 
latory curves of Reis's memoir. They are, moreover, in each 
case introduced for the sake of showing how a complex curve 
corresponds to a compound undulation. 

Rth. 




-' ■'/]V|/1\^ 



Fig. 48. 



Far be it from me even to hint that either curve was 
pl^arised from the other. Bell tells us that hi8 curve is to 
represent electrical oscillations, which, he adds, have the 
same curve as that both of the vibrating body and of the air. 
Reis tells us that his curve is to represent the oaciUationa of 
a tympanum, or of the air, or of the magnetisation of the 
magnet, or of the armature at the receiving end. How the 
magnetization of the electro-magnet was made to vary " cor- 
respondingly with the condensations and rarefactions of the 
air," as represented by such a curve, Reis did not explicitly 
Bay, but left to the common sense of his readers to infer. 
Though the inference was obvious, Bell, who possibly had not 
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thou read Reis's researches, seized upon this iutermediate 
stage of the process employed by Keis, and probably (juite 
unconscious tjiat Eels btid already employed it, announced it 
as a discovery of his own ; and then, losing sight of the point 
that all that was wanted was to secure correspondenca 
between the initial and final stage, he magnified to an absurd 
and unwarranted importance this intermediate correspond- 
once of the vibrations of the current with those of the tym- 
panum, which correspondence any one reading Keis's papers 
would know at once Eeia had implicitly assumed and actually 
employed when he transmitted articulate speech. 

If we pass from the method of graphically representing 
undulations by curves, and proceed to compare the language 
in which Reis described the action of liis machine in re- 
producing the undulations imparted to the transmitter, with 
that in which Graham Bell described the action of his 
machine some fourteen years later, we shall find * an agree- 
ment even more precise. 

* lu making these oomparisoiia in parallel columns, 1 wish to lepudiale 
in the moHt emphatic wsj any Biniater iDfereoce that might be drawn u 
to Graham Bell's use of deseriptions and curves identical in bo uany 
jioints with thoM of Keia. For, in the first place, I believe Professor Bell 
to be incapable of such contemptible appropriatinns, and the candour with 
which he has himself invited comparison by giving various referencea (o 
lleis'a ]>apcrs, itself precludes such inference. In the second place, 1 do 
not think that ut the date of those tguotations Bell understood German 
sufficiently well t« comprehend Reis's very precise Btalement of the 
problem of the Telephone. I dmply exhibit these parallel extracts to 
show the thorongbcess with which Rcis hod grappled with the problem 
with which, fourteen years later. Bell also grappled ; and to prove in the 
most irrefragable manner, from the neceaaary identity in the terms 
selected for expressing the facts uf the Bolullon of the problem, that the 
problem to which each found a solution was identical. The circumstance 
that does, however, puzzle me, and which does not appear in these 
parallel extracts, is that, whilst in bis original memoir, Reis speaks in 
detail of the auditory ossicles and their movements as haviog suggested 
his transmitter, and casually mentions the pbonautograph of Scott in 
support of his views. Bell, in his original lecture before the American 
Academy, speaks in detail of Scott's phonaulograph as having suggeatcd 
hia transmitter, and casually refers to the auditory ossicles and their 
movements. 
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The electromagnet . . . 
will be demagnetiBed and mag- 
netised correspondingly with 
the Condon Hatit>n8 and rarefac- 
tions of the mass of air, . . . and 
the annatnre . . . will be 
set into vibrations aimilar to 
those of the membrane in 
the transmitting apparatnB.— 
(Legat'a Report, Zeitacbrift, 
p. 128, 1862.) [p. 77.] 



The transmitter. Pig. A, 
oonsists of a conical tube . . . 
closed by a, membrane ... by 
speaking . . . into the tube . . . 
there will bo evoked a motion 
of the membrane. . . (op.cit.) 



Bell. 

The current traversing the 
eoilfi of the electromagnet E, 
occasions an tncTease and dimi- 
nution in its intensity, and the 
armature A* is thrown into 
vibrations . . . and thus im- 
parts to the air at n' a fac- 
simile copy of Ihc motion of 
the air that acted npon the 
membrane n. — (Specification 
of British Patent, No. 4766, 
Deo. 9th, 1876, p. 17.) 

A cone A is used to con- 
verge sound vibrations upon 



the membrane. 

When a sound is uttered in 
the cone the membrane a is 
set in vibration. . . . 



The apparatus . . . offers 
the possibility of creating 
these vibrations in every 
fashion that may be desired, 
and the employment of electro- 
galvanism gives us the possi- 
bility of calling into life, at 
any given distance, vibrations 
similar to the vibrations 
that have been pnHluced, and 
in this way to reproduce at any 
place the tones that have been 
originated at another plaoe, — 
(Legat's Report, op. eil.) 

As soon therefore as it shall 
be possible ... to set up 
vibrations wboso corves are 
like those of any given tone or 



. . . and thus electrical nnda- 
lations are created ujwd the 
circuit Ete/ff. . . . The 
undulatory current passing 
through the electromagnet / 
influences its armature A to 
copy the motion of the arma- 
ture c. . . . These undula- 
tions are similar in form 
to the air undulations 
caused by the sound. 



— that is, they are repr&- 
8ent«d graphically by similar 
curves. . . . 
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Beit. 


Bell. 


combinatifin of toneH, we shall 


A similar sound to that 


receive the same impression 


uttered into A is then heard to 


as that tone or combination of 


proceed from 1.— (Specification 


tones wouhl have produced 


of U. S. Patent, No. 174,465.) 


npon na.— {Memoir 'On Tele- 




phony,' p. CO.) [p. 65.] 




Any sound will be repro- 


There are many other uses 


duced, if strong enough to set 


to which these instruments 


the iQemhrane in motion. — 


may he put, such as . . . the 


(Letter to Mr. Ladd, 1863.) 


telegraphic tntnsioission of 


IP- 84.] 


noises or soundB of any 




kind.— (Jfc.) 




I would have it understood 




thiit what I claim is:— . . . 




. . . Tenth. In a system of 




electric telegraph or telephony 




consisting of transmitting and 




receiving inetruments united 




npon an electric circuit, I claim 




the production in the armature 




of each receiving iu strum out 




of any given motion by subject- 




ing said armature to an attrac- 




tion varying in intensity, how- 




ever such variation may be 




produced in the magnet, and 




hetice I claim the produc- 




tion of any given sound or 




Bounds from the armature 




of the receiving instru- 




ment by subjecting said arma- 




ture to an attraction varying 




in intensity in such manner 


the armature belonging to 


as to throw the armature 


the magnKt will be aet into 


into that form of vibration 


Vibrations similar to those 


that characterizes the 


of the membrane in the 


given sound or souiida. — 


transmitting apparatus.— 


(Specification of British I'a- 


(Legat'fl Keport, 1662.) [p. 77.] 


tent. No. 4765, Dec. 9, 187B.) 


^^^^^^^A 
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If One cannot help thiukiRgthat some claims to great inven- 
lions are just a little " too previous." 

r If it should still be said that Reis's method of transmitting 
i^pecch, whether it did its work by undulatory currents or no, 
*as avowedly imperfect, and that therefore such a claim as 
Jthat C[uoted above is justified by the subsequent invention of 
.ftu inatruraent the articulation of which was more reliable, let 
tOB compare what each inventor has said about the imper- 
.fections* of hia own instrument 



BeU. 
That which has here been 
ipokeu of will atill require 
oousiderable improvement, 
^d in particular mechanical 
■oience mnet oomyleie the 
apparatus to be used. — (Legat'a 
Beport, 1862.) [p. 78.] 



Bell. 
It is a mistake, however, to 
suppose that the articulation 
was by any means perfect. . . . 
Still the articulation was Ihtre, 
and I recognised the fact that 
the indistinctnesB was entirely 
due to the imperfection of the 
iastrumeut. — (' Eosearchos in 
Telephony,' Journal of 8oc. of 
Tolegr. Engineers, Doo. 1877.) 



If it should be said that Bell is here speaking only of an 
early and experimental form, and not of his real invention, 
it should be remembered that BeU here refers to the appa* 
ratus with cone and membrane, identical with tliat exhibited 
at Glasgow in September, 1876, by Sir William Thomson 
(who had received it from BeU) and by him described as 
the very " hardihood of invention," and " by far the greatest 
of all the marvels of the electric telegraph." It certainly 

* Rtis'B railnreB were chiefly with the vowels, Bell's more pariicuiarly 
niti) the coDBouanU. licia's contacts were liable to break, and the Ibllow- 
ing-spnugs of hi« contact-rcgukiuia too little pliable. Bell's transmitttt 
could nut open and close the oircnil proporticnally with the motions of the 
tjm pan urn, and owiog to the aluggiBhaesa due to self-iaduction in tbu coils 
of Ills telephone, tho induced undulalions of the current failed to come up 
in suddencess to those of the tyiapanum. In coasequence whip soiuxled 
like iphim, and kin lilce kith, even in the perfected Bell Telephoues made 
I wo years after Bell's first " improvoments " in telephony were pateutwl, 
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worked upon the piindple of nndulaitoiT cQirents»* whether it 
ajticulated or not. Bell had himself, speaking in Mar 1$T6» 
before the American Academy of Arts and Sciences upon his 
researches, even more explicitly admitted the imperfections of 
his own instroment. 

The effects were not suffi- 
ciently distinct to admit of 
sustained oonTeisationthxv>ugh 
the wire. Indeed, as a general 
rule, the artioalation was 
nnintelligible, excepting 
when familiar sentences were 
employed. — (PixKeedings of 
American Academy of Arts 
and Sciences, vol. xii. p. 7.) 

Yet this most imperfect machine, of which the articulation 
was, as a general rule, unintelligible, had, two montlis pre- 
viously, had a patent granted to it as a new invention, the 
claim being for " the method of, and apparatus for, tn\ns- 
mitting vocal or other sounds telegrapliically, as herein 

* The following very remnrkable passage occors in the evidence given 
by Professor Graham Bell concerning Reis*8 Telephones. (See published 
volume of 'Proceedings in the United States Patent Office before the 
Commissioner of Patonts.' Evidence /or A. G. Betl^ p. 14.) 

Question 37. '*If a Reis Telephone, made in accordance with the 
descriptions published before the earliest dates of your invention, would in 
use transmit and receive articulate speech as perfectly as the instruments 
did which were used by you on June 25, 1876, at the Centennial, would 
it be proof to you that such Reis Telephones operated by the use of un- 
dulatory movements of electricity in substantially the same way as your 
instruments did upon the occasion referred to ? ** 

Answer by Bell. " The supposition contained in the question cannot 
be supposed. Were the question put that if 1 were to hear an instrument 
give forth articulate speech transmitted electrically as |)erfectly as my 
instruments did on the occasion referred to in the quosUon, I would hold 
this as proof that the instrument had been operated by undulatory 
movements of electricity, I would unhesitatingly answer, Yes.** 

Surely no better authority is needed to support the proposition that if 
Reis ma/le his Telephone speak, as ho said he did, he employed undulatory 
cturents. 
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described, by cauaing electrical undulations similar in form to 
tlie vibrations of the air accompanying the 8aid vocal or other 
Bounds, substantially as set forth." 

If then mere mechanical imperfections do not make an 
invention any the less a true invention capable of legal recog- 
nition, it would be dishonest to the last degree to deny to 
Pliilipp Reia the honour of his invention, of which he honestly 
and openly stated both the successes and the imperfections. 
He told the world wliat he aimed at, and in what measure 
success had crowned his aims. His claim to be the inventor 
of the Telephone he considered to be justified by tliat measure 
of success. If he was so far in advance of his time that the 
world was unprepared to receive or use the splendid discovery 
which he gave freely to it, that was not his fault ; nor does 
lect or apathy make him in one single degree tlie less en- 
titled to the credit of his inventiooa. Tidit alter hmwrm haa 
not unfrequently been truly said concerning the men of 
us who have had the misfortune to live in advance of 
the age. 

But posterity does not let the names of such truly great 
ones perish in the dust. The inveutor of the Telephone will 
be remembered and honoured in the coming if not in the 
present t^e. 
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